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add this 
new Visicorder 
to your 
data system 


The Honeywell Model 1612 
Visicorder is a completely new 36- 
channel instrument. It was designed 
from the base up for systems use. 
Features such as a built-in heated 
platen, modular electronics, and 
push-button controls make it the 
most versatile oscillograph ever built 
by Honeywell, pioneer in direct writ- 
ing oscillography using light beam 
galvanometers. 

The built-in heated platen, a 
factory-installed option, serves as 
a standard platen until heat is de- 
sired, at which time the operator 


simply pushes a button. Platen heat 
improves the quality of the record 
and gives better contrast. In con- 
junction with the two latensifier 
lamps, it provides immediate read- 
out of records at speeds up to 16 
inches per second. 

Other examples of the 1612’s func- 
tional design are: 

15 forward recording speeds (from 0.1 
to 160/ips) and 10 reverse speeds— all 
pushbutton controlled. 

All controls on front surface. 


Instrument may be operated in the rack. 

Uses Type M miniature galvanometers, 
interchangeable among other Honey well 
oscillographs. 

For full details on all Visicorder Oscil- 
lographs, tape systems, and signal 
conditioning equipment, write to 
Honeywell, Denver Division, Denver, 
10, Colo., or phone 303-794-4311. 

Honeywell 


Paper loading accomplished in seconds. 

INTERNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD. 


HONEVWELL 


Capability Means Product Improvement 



Backed by 3,500,000 Hours of 

Turbine Powered Airline Operation 


Pump overhaul life capability has 
jumped to 3000 hours on airlines 
operating Boeing 707s and 720s or 
Convair 880s and 990s. At the time 




commercial jetliners entered service, 
this pump's 560 hour overhaul life 
was the best available. Now — Vickers 
planned product improvement pro- 
gram has produced a nearly 450% 
improvement in “time between over- 
hauls” in the same package — again 
the best in its field. 

One phase of this planned program 
concentrated on improving bearing 
life. It included: 54,231 test hours on 
jets operated by eight major domestic 
and foreign airlines, 23,126 hours of 
pump endurance testing, and 310,440 
hours of accelerated bearing testing — 
a total of 387,797 hours. New bear- 
ings developed play a big part in 
longer life between overhauls and 
higher reliability. 

To maintain leadership in fluid 
power systems for aerospace applica- 


tions, requires close liaison with air- 
lines, airframe manufacturers and 
engine builders. Through the knowl- 
edge gained from application engi- 
neers and service technicians, spe- 
cialized schools and company-spon- 
sored conferences, Vickers maintains 
a continuing flow of new and im- 
proved products for changing aero- 
space requirements. 

MORE DATA AVAILABLE— 
Write for Bulletin A5283 “Harnessing 
Fluids for Airborne Uses” to: Vickers 
Incorporated, P.O. Box 302, Troy. 
Michigan. 






BEARING 
WITH A 
RED HOT FUTURE 



Advanced bait and roller bearing technology 


being investigated. 

Bearings to resist extremely high 
needed for improved, high performai 
turbines and other equipment. Special 
been tested 

peratures a; 



* pace ‘with* demands ' “f* 


ill major type 
iniature. fflSS 


g contact bearings 
1 roller, tapered roller 
'ustries Inc., Philadel- 




Friden Collectadata- 
the only data collection system that 
talks back to erring workers 


To err is human. The Friden Col- 
lcctadata does more than any other 
system to reduce human error to an 
absolute minimum. 

Should a worker mis-operate the 
Transmitter, the machine tells him 
exactly what he did wrong; a red 
light pinpoints the error. 

And. to make sure such errors rarely 
happen, the Collectadata displays 
the operating rules right on the trans- 
mitter. In simple-to-follow steps. 
Again, no other system does this. 
The Collectadata does double-duty 
too. The tamper-proof Badge Reader 
takes attendance swiftly, accurately. 


The buffer storage reader allows 
workers to check in almost as fast 
as they can walk by the machine. 
The Friden Collectadata: the data 
collection system with the most 
elaborate operator and in-machine 
checks of any system made. For full 
details, call your local Friden Sys- 
tems man. Or write: Friden, Inc., 
San Leandro, California. 

Friden— for business and industry. 

Friden 

Instruction Throughout the U.S. and World 
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Decision-Making: Logistics Support... What, Where, When? 


Centuries ago the critical factor in logistics 
support was providing basic supplies— 
food, armaments, raw materials lor simple 
industries. A lew decades ago, carrying 
capacity— sea and land transportation- 
ruled as the decisive element. Within the 
last decade, a new critical element in 
logistics support has emerged. It has been 
created by the complex, interlacing gov- 
ernmental, industrial and military structure 
of today. This new factor is up-to-the- 
minute information— gathered from alar, 
varied in content, immense in volume. 

To help provide and control this How of 
information, SDC scientists, and engineers 


have helped create a new technology: in- 
formation systems which aid managers in 
determining the "what, where and when" 
of logistics support for world-wide and 
continental activities and lorces. 

In developing these systems which pro- 
vide inlormalion processing assistance, 
SDC scientists and engineers have evolved 
an interdisciplinary approach. Teams of 
operations research scientists, engineers, 
computer programmers and human factors 
scientists work together in these major 
system development steps: analyzing the 
system, synthesizing the system, instruct- 
ing computers within the system, training 


the system, evaluating the system— and 
helping adapt the system to the changing 
needs of its users. 

Scientists and engineers interested in join- 
ing this growing field are invited to write 
Dr. H. H. Best, SDC, 2432 Colorado Ave., 
Santa Monica, California. Positions are 
open at SDC facilities in Santa Monica; 
Washington, D.C.; Lexington, Massachu- 
setts; Paramus, New jersey; Dayton, Ohio. 
"An equal opportunity employer " 

SDC 

System Development Corporation 
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AEROSPACE CALENDAR 


(Continued from page 5) 
Sheraton Plaza. Cambridge. Mass. Spon- 
sor: Alloyd Electronics Corp. 

Apr. 1-3— Launch and Space Vehicle Shell 
Structures Conference. American Insti- 
tute of Aeronautics and Astronautics, El 
Mirador Hotel, Palm Springs, Calif. 

Apr. 2-3— Eighth Annual Business Aircraft 
Safety Seminar, Flight Safety Founda- 
tion, Barbizon Plaza. New York, N. Y. 

Apr, 2-5— Spring Conference, Airport Oper- 
ators Council, Shoreham Hotel, Washing- 
ton. D.C. 

Apr. 8-11— National Aero-Nautical Meeting, 
Production Forum & Aerospace Support 
Equipment Conference, SAE/American 
Society of Nasal Engineers. Sheraton- 
Park Hotel. Washington, 13. C. 

Apr. 10—1963 National Value Engineering 
Conference. For information: Dr. David 
Miller, coordinator of special programs, 
Los Angeles State College. 5151 State 
College Dr.. Los Angeles 32, Calif. 

Apr. 10-11— Fourth Symposium on Engi- 
neering Aspects of Magnetohydrody- 
namics, University of California, Berkeley. 

Apr. 16-18— National Meeting. Aerospace 
Industries Assn.’s Export Committee. 
Bolling AFB Officers Club, Washington, 
D. C. 

Apr. 16-18— Optical Masers Symposium, 
Waldorf-Astoria, New York. N’. Y. Spon- 
sors: Polytechnic Institute of Brooklvn. 
Institute of Electrical and Electronics En- 
gineers, American Optical Society, Armed 

Apr. 16-19—1963 USAF Aerospace Fluids 
and Lubricants Conference {unclassified I. 
San Antonio. Tex. Managed by South- 
west Research Institute. 

Apr. 17-19— Animal Technical Meeting and 
Equipment Exposition. Institute of En- 
vironmental Sciences, Statlcr Hilton Ho- 
tel, Los Angeles, Calif. 

Apr. 17-19— International Nonlinear Mag- 
netics (INTERMAC) Conference, Insti- 
tute of Electrical and Electronics Engi- 
neers, Shoreham Hotel, Washington. 

Apr. 17-19— Southwestern Conference and 
Electronic Show, Institute of Electrical 
and Electronics Engineers. Dallas Me- 
morial Auditorium. Dallas, Tex. 

Apr. 17-19— Technical Meeting: Nuclear 
Materials for Space Applications, Ameri- 
can Nuclear Society, Netherland Hilton 
Hotel, Cincinnati, Ohio. 

Apr. 22-23— Annual Meeting, National 
Aeronautical Services Assn., Washing- 
ton, D. C. 

Apr. 22-24— Second Manned Space Flight 
Symposium, AIAA/NASA, Marriott Ho- 
tel, Dallas. Tex. 

Apr. 22-24— Third Annual San Diego Sym- 
posium for Biomedical Engineering. Del 
Webb's Oceanhousc. San Diego, Calif. 

Apr. 23-25— Hypersonic Ramjets Confer- 
ence. AIAA/ASME. Naval Ordnance 
Laboratory. White Oak. Md. 

Apr. 29-30—1963 Spring Meeting. Western 
States Scction/Thc Combustion Institute. 
Vacation Village Motel. San Diego, Calif. 
Sponsor: General Dynamics/ Astronautics. 

Apr. 29-May 2— 34th Annual Scientific 
Meeting, Aerospace Medical Assn., Stat- 
lcr Hilton Hotel, Los Angeles, Calif. 

Apr. 29-May 2— 22nd Annual National Con- 
( Continued on page 9) 


A LOOK OVER THE TRANSOM AT GENERAL ELECTRIC 
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■ ABOUT THIS SERIES. Things are happening with G-E fuel 
cells. Each month brings new advances in the technology . . . 
and occasionally we have really significant developments to 
announce. Hence these reports. They're our efforts to help 
those interested in possible uses of our fuel cells, (plus those 
just plain interested), keep informed of what's happening 
behind the transoms of our fuel cell facilities. 



■ WHERE THINGS STAND WITH GEMINI 


Next major event on the horizon for our 
Gemini fuel cell: the arrival of some in- 
nocuous looking canisters at McDonnell 
Aircraft in St. Louis. They'll be our first 
complete prototype of the G-E fuel bat- 
tery destined to power NASA's Gemini 
spacecraft during its days in space. 

Next step after that is marriage of the 
battery to the spacecraft's cryogenic fuel 
supply; then thorough dynamic load-test- 
ing to iron out any bugs. 

In the year since we won the contract, 
the going has not always been easy. But 
key design decisions are now behind us. To 
date, over 1500 cells have been produced 
for single-cell and stack testing, (Stacks 
arc individual cells grouped in series to 
meet voltage requirements. For Gemini, 
three such stacks arc paralleled to make 


one of the battery's modular sections.) 

During lengthy simulated duty-cycle 
tests, full-size stacks have topped per- 
formance requirements. And in recent 
parallel testing, three stacks scored well 
above spec in both output and load 


sharing. 

In preparation for the day when his- 
' "rst truly functional fuel battery 
pit the earth with the Gemini 
its, fuel cells for qualification and 
reliability testing are now in production. 
While attention is focused on fuel cell 
‘ormance, our manufacturing engi- 
s arc quietly perfecting the facility 
and processes now in place for upcom- 
ing large scale production of Gemini 
(and other) operating hardware. 


I A RAY OF HOPE FOR HYDROCARBON CELLS 


tew kind of fuel cell that might some- 
day produce electricity at costs com- 
petitive with diesel-electric generators 
was recently demonstrated at the G-E 
Research Laboratory. The device is sig- 
nificant because it operates on natural 
gas and air. uses reasonably priced ma- 
terials, and has the added advantage of 
being able to generate its own operating 
temperature. 

A bit of background before the tra- 
ditional “how it works" will help set 
this new cell in proper perspective. We 
all look to the day when fuel cells that 
react hydrocarbons directly will reach 
the advanced level of today's hydrogen- 
fueled cells. But hydrocarbon fuels don't 
have the reactivity of hydrogen. They 
need persuasion. There appear to be three 
practical methods of enhancing reactivity: 
improved catalysts, improved electrode- 


temperatures. The 

common approach. But maintaining 


the 


be as high as 2000°F, is difficult. All 
manner of material stability considera- 
tions are involved. 

The new G-E cell, however, satisfac- 
torily avoids corrosion and deterioration 
problems, permits us to leave our ex- 
pensive catalysts locked in the vault, and 
burns its own reaction products inter- 
nally to eliminate need for an external 
heat source during start up and normal 
operation. 

Inside the cell things happen like this; 
natural gas is fed to the anode side, 
where 2000° temperatures pyrolizc it to 
hydrogen and carbon. The carbon be- 


comes the anode by depositing itself on 
the outside of a crucible-shaped solid 
electrolyte made of lime-stabilized zir- 
conia. Inside the crucible is a small 
amount of molten silver — acting as the 
cathode — in which oxygen is continuously 
dissolving. 

To produce electricity from this al- 
chemist's delight, oxygen ions (each 
carrying two electrons) leave the molten 
silver, migrate through the zirconia elec- 
trolyte, and release their electrons to the 
carbon anode. The reaction produces 
carbon monoxide which, with the left- 
over hydrogen, is continuously fired 
within the cell to sustain operating 
temperatures. 

As for outputs, we have run these 
cells at current densities up to 150 amps/ 
sq ft at 0.7 volt. Life tests at lower den- 
sities have exceeded 3000 hours, with no 
evidence of electrolyte deterioration. 


using other hydro' 

Quite naturally, and we stress the point, 
this type of cell is strictly in the “fore- 
runner" category. Nevertheless the G-E 
zirconia cell represents a major stride in 


T^ogress Is Our Most Important Product 
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MINIMUM WEIGHT-MAXIMUM PROTECTION 

Based on a revolutionary new weight-saving principle in armor design, Aerojet-General* Composite Armor weighs 
20% to 40% less than steel or aluminum, with equivalent protective capability. The principle: internal deflection 
and breakup, which permits the projectile to penetrate slightly, then turns it aside and breaks it up within the 
armor itself. ■ During firing tests, the new armor has successfully withstood direct hits from 30 cal., 50 cal., and 
Russian 14.5 mm projectiles. It can also be designed to defeat 20 mm and 40 mm projectiles. The armor can be 
installed as add-on armor plating, or fabricated to any shape for use as a basic structural material. ■ Applications: 
pilot and engine armor for airplanes and helicopters; structural shells for tanks; plating for boat hulls; cab and 
sides of trucks and personnel carriers— wherever a combination of maximum protection and light weight is 
essential. For more information, write: Structural Materials Division, Aerojet-General Corp., Azusa, California 


Engineers, scientists, investigate outstanding opportunities at Aerojet-General. 



STRUCTURAL MATERIALS DIVISION 

AZUSA, CALIFORNIA 




THIS TEXAS INSTRUMENTS TRANSISTOR HELPED MAKE POSSIBLE 


EMR TELEMETRY 



Photo courtesy ot EMR 


Shown here ...the new high reliability PCM Data Transmission System developed by EMR for Project 
Gemini, along with several of its solid-state modules. An advanced new transistor — the 2N2693 series 
— was designed by Texas Instruments to reduce power requirements making possible the use of 
redundant circuits which achieve the demanding spacecraft reliability requirements. Gemini is being 
built by McDonnell for NASA under the technical direction of the Manned Spacecraft Center. 


\ 


FOR GEMINI 


Extreme reliability, small size and low power consumption were key 
requirements for telemetry systems being built for Gemini spacecraft 
by Electro-Mechanical Research, Inc. (EMR). Here is the factual story 
of a line of Tl transistors that helped EMR meet those requirements. 


More than 750 2N2693 series minimum-power 
switching transistors are among the TI units 
being used in the EMR telemetry equipment for 
each Gemini spacecraft. These transistors operate 
satisfactorily with currents as low as ten micro- 
amperes — one hundred to one thousand times 
lower than today’s conventional standards. 

Using 2N2693’s, EMR could slash power require- 
ments and design a lighter, more compact PCM 
system that radiated less heat and required less 
radiator cooling. The low current requirement 
also made possible unprecedented reliability. 

The very first production run of 350 2N2693's 
passed tough acceptance tests with flying colors. 
Among these transistors, delivered for another 
EMR program, there were no catastrophic fail- 
ures and only one unit drifted slightly out of 
tolerance. 

In a test of stability on 1528 units, the amplifica- 
tion factor drifted an average of only 1.69 per- 
cent following a 250-hour "burn-in” under max- 
imum operating conditions. 

No other transistors tested by EMR could meet 
the very high performance standards set by the 

Performance was so good that Howard Research, 
consultants to NASA, based certain specifica- 
tions for IMP — Interplanetary Monitoring 
Probe being developed by Goddard Space Flight 
Center — on 2693 series characteristics. 
Development of the 2693 series actually started in 
November, 1961, when EMR asked several sup- 
pliers for a diffused silicon chopper transistor to 
meet stringent specifications. Others said it 
couldn't be done; but TI delivered ten samples 
of a successful device within three weeks. One 
reason for the fast service was TI’s in-house 
materials and controls division, which supplied 
suitable epitaxial material within 24 hours. 


These chopper transistors — later designated 
2N2432’s — are direct ancestors to the 2693 series. 
Others have benefited from what we at TI like 
to call “Total Responsibility” — overall responsi- 
bility based on complete control of all steps from 
raw materials through manufacturing and test- 
ing. One prime contractor, for example, was 
having serious trouble with leakage of certain 
power transistors during space flights. The 
in-house TI header department developed a way 
to prevent the leakage; and at this writing, no 
other company has solved the problem. 

To solve another problem, TI’s Quality and Relia- 
bility Assurance department was first to develop 
an effective microphonic particle detector. Other 
manufacturers are now using similar devices 
to guard against transistor failures under 
weightless conditions encountered during space 
flights. 

There are many good reasons why suppliers to 
the space program are turning — with increasing 
frequency — to TI for semiconductor devices. 
Write for information on how TI can help you. 



2N2693 series transistors are scheduled for use 
in IMP Interplanetary Monitoring Probe being 
developed to monitor space flare-ups before 
Gemini and Apollo launches. 
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The biggest aircraft lamp made is the landing light (#4556—1000 watts) on the left. The smallest 
is the instrument light (#680) on the right. Both are General Electric. In between are over 100 
aircraft lamps to fit every possible requirement— military, commercial or general. Whatever 
you want in aircraft lamps, General Electric has it. 

General Electric Company, Miniature Lamp 

Department M-29, Nela Park, Cleveland 12, Ohio. GENERAL® ELECTRIC 


HERE NOW IN QUANTITY! 

HIGH PERFORMANCE, RELIABILITY-PROVED, TRIPLE DIFFUSED SILICON 
2N2102 AND 2N2270 NOW AVAILABLE AT ECONOMY PRICES 


RCA now announces new economy prices on the 2N2102, the 
“universal" triple-diffused planar silicon transistor designed for 
widest possible application in military and industrial equipment. 

market and will cover a vast majority of your Small-Signal and 
Medium-Power Applications. 

The RCA 2N2102 features high switching speed, high pulsed 
beta (h FE ) at I,. = 1 amp, and controlled beta from I (! = 10|ia 
to 1 ampere. It has high breakdown-voltage ratings, high dissipa- 
tion ratings, low saturation voltages and low output capacitances. 

RCA 2N2270, economy version of the RCA 2N2I02, offers 
many of the features of the 2N2I02 at substantial savings. 

Call your RCA Representative today or write RCA Semicon- 
ductor and Materials Division, Commercial Engineering, Sec- 
tion 1A3, Somerville, NJ. 


For Application information on RCA 2N2102, 

write for Application Note SMA-14, “The Design 
of Low-Level and RF Circuits Utilizing the RCA 
2N2102”. 

For Reliability data on RCA 2N2102, call your 
local RCA Semiconductor Field Office. Your 
RCA Representative will discuss the latest re- 
liability information with you. 


AVAILABLE THROUGH 
YOUR RCA DISTRIBUTOR 


THE MOST TRUSTED NAME IN ELECTRONICS 


Performance advantages 
of a better broadband instrumentation tape 
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270-mph take-offs on BFG tires! 

Like earlier Lockheed F-104’s now on duty with the U. S. Air Force, the new MAP 
F-104 Super Starfighter being built for friendly foreign nations is equipped with BFG 
fabric tread tires. With take-off speeds ranging from 212 mph to an extreme of 270 mph, 
the F-104’s flexibility and its ability to carry heavy loads requires tires that can take 
two-ton load variations, and speeds up to 270 mph under adverse take-off conditions. 

The BFG fabric tread design has proved it can stand up to these punishing condi- 
tions, reducing tread cutting and making tread separation virtually impossible. 

Multiple nylon plies are built right into the rubber tread stock. This reduces internal 
tread flexing and overheating. The MAP F-104 uses the new Type VIII tire, size 
26 x 8.0-14 fabric reinforced tubeless. 

For your requirements in tires, wheels and brakes, contact B.F. Goodrich Aerospace and 
Defense Products, a division of The B.F.Goodrich Company, Dept. AW-iA, Akron, Ohio. defense products 



aerospace and 


EDITORIAL 


The Real Change in Cuba 


Public furor over Cuba refuses to dissipate despite 
the most strenuous efforts of President Kennedy and his 
top officials to reassure the American people that every- 
thing possible is being done to defuse this explosive isle. 
Much of the clamor comes from Capitol Hill. Although 
some of this is simply sharpening political barbs for the 
1964 election campaign, much of it reflects the genuine 
queasiness that afflicts the American people over what 
transpired 90 mi. south of Miami during the past year. 

Unfortunately, the Kennedy Administration chose to 
begin its handling of the Cuban crisis in 1961 with a 
blatant lie. This was the fiction, promulgated unwittingly 
by Adlai Stevenson at the United Nations, that the 
pilots of the B-26s that attacked Havana on Apr. 1 5, 1961, 
were actually defectors from the Cuban air force who had 
stolen their aircraft and fled to the U.S. for sanctuary'. 
In fact, these aircraft were Central Intelligence Agency 
equipment furnished to Cuban refugees trained in 
Nicaragua by U.S. Air National Guard pilots, painted 
falsely in the colors of the Castro air force and launched 
against Cuban targets from Puerto Cabezas airfield in 
Nicaragua. In fairness to Mr. Stevenson, he was furious 
when he discovered how he had been fed this lie by 
his government and forced to play a dupe's role before 
the world. But the damage to the integrity of the 
Kennedy Administration both at home and abroad was 
done, and there has been very little in its subsequent 
performance that merited any lessening of the public’s 
skepticism on its official pronouncements regarding Cuba. 
It has also forced the Administration into such a polit- 
ically defensive attitude on its Cuban record that the 
current debate over the significance of Russian troops 
and arms in Cuba has produced more heat than light. 

Administration Fumbles 

We do not think those politicians who spent so much 
time trying to prove that the Soviets had not removed 
all of their MRBM Sandal ballistic missiles and 11-28 
Beagle bombers from Cuba were on the right track, al- 
though the reluctance of the Administration to tell the 
American public what was really going on again stirred 
the extremists to see how far they could push. We also 
think the Administration officials who have been stoutly 
maintaining that the Soviet troops and arms still in Cuba 
are of no significance are in error. 

There is no doubt that the USSR embarked on a 
great enterprise last summer to change basically the 
status of Cuba and the balance of military power in this 
hemisphere, if not the world. Before the Soviet effort 
began last July, Cuba was a relatively soft shell, not 
too difficult to crack either by an internal revolt, an 
external invasion by Cuban refugees or a combination 
of both. Although the Bay of Pigs enterprise resulted 
in a fiasco, the essence of its failure was a narrow margin 
that could easily have been corrected if the Central 
Intelligence Agency had even a rudimentary technical 
competence in aviation, and the White House professors 
had not developed a bad case of fumbles as their first 
practical venture tumbled into their laps. 


But the Soviet military influx of last July-September 
changed Cuba into an extremely hard shell, virtually 
impossible to crack with anything except a major mili- 
tary offensive by U.S. regular forces. Cuba would have 
been a far more dangerous military problem if the 
Sandal MRBMs and 11-28 bombers had remained and 
if the IRBMs had been emplaced. But the Soviet air 
defense system and armored and missile-carrying troops 
that still remain provide Communism with a secure 
base from which to operate in the Western Hemisphere. 
They present the U. S. with the problem of suffering this 
burning torch to light fuses in the rest of Latin America, 
or removing it by a major military effort with interna- 
tional complications of extreme gravity. 

Present Soviet Threat 

In the emphasis placed during the Cuba debate on the 
offensive threat of missiles and bombers, very little atten- 
tion has been focused on the formidable nature of the 
Soviet military establishment still in Cuba. Although 
they have shown no inclination to use it to stop U.S. 
photo-reconnaissance of the island, the Soviet air defense 
system now emplaced there could do so any time it went 
into action. It would take a large-scale U.S. airpower 
strike to wipe out the 24 SA-2 Guideline anti-aircraft 
missile sites, and to knock out the MiG-21 Fishbed inter- 
ceptors equipped with Atoll infrared air-to-air missiles. 
Similarlv, it would take large-scale Navy and Marine 
forces to crack the Cuban beaches in the face of the 
coastal defense missiles and Soviet armored forces 
equipped with mobile Frog rockets, self-propelled assault 
guns. Snapper mobile anti-tank missiles and T-54 tanks. 
This Soviet force is also sufficient to suppress swiftly any 
attempts at internal revolt in Cuba. 

The Soviets have lost the opportunity to turn Cuba 
into a cocked nuclear pistol pointed at the heart of the 
U. S. by the resolute action of the Kennedy Administra- 
tion in establishing the naval blockade and deploying 
other military' forces to apply an even tighter clamp if 
necessary. But this country has also lost its opportunity 
to get rid of the Cuban cancer without applying official 
military force to that island. Thus the Soviets have 
gained a base for the export of Russian imperialism to 
the Western Hemisphere far more secure than Castro 
himself could ever have provided. 

The real significance of the change in Cuba wrought 
by the Soviet military influx of last summer and fall is 
that Cuba has changed from a soft target, vulnerable to 
subversion and revolution, to a hard bastion bristling 
with modem weapons manned by elite Russian troops 
invulnerable to internal revolt and refugee-type invasion, 
and capable of dislodgement only by large-scale U. S. 
military power. 

This is the dilemma the Kennedy Administration now 
faces on Cuba, and this is why Americans are still 
queasy about Red Air Force pilots flying MiG-21s over 
the Florida Straits, while the red flag of Soviet elite 
guards flies over Red Army cantonments less than 100 
mi. from Miami. —Robert Hotz 
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Each of these parts represents the conquest of a challenge. The titanium strut bracket at upper right — SPS 
ability to work in exotic metal. Precision welding rings in the center — SPS welding, approved by Navy, ASME, 
and Aircraft standards. Halfway down from the top, on the right — a small part to remind you that SPS multiple 
operation machine tools {there are more than a thousand) have mastered the paradox of volume production 
to close tolerances... we call it “mass precision." What precision machined parts on your drawing board offer a 
challenge to SPS? We welcome the opportunity to conquer. STANDARD PRESSED STEEL CO., Precision Fastener 
Division, Precision Machined Parts Sales, Jenkintown 3, Pa. (21 5-884-7300) 'Santa Ana, Calif. (714-545-9311). 



WHO'S WHERE 


In the Front Office 

Harper Woodward, associate of Laurancc 
S. Rockefeller, elected a director of James 
Talcott. Inc., New York. N. Y. 

G. R. Makepeace, vice president and di- 
rector of Lockheed Propulsion Co., elected 
“ of McCormick Selph Associates. 


Holl 


r. Calif. 


. ... 1. Hayes, formerly president of 
TRW Electronics. Inc., elected president 
and chief executive officer of Fansteel Metal- 
lurgical Corp.. North Chicago, 111. 

ters in New York. N. Y.. succeeding Walter 
Heuer, now economic and financial counse- 
lor to Varig, Sao Paulo, Brazil. Also: John 
A. Alexander, regional manager. Southeast- 
ern United States and the Caribbean. 

R. W. Lee, executive vice president and 
general manager. General Precision, Inc.’s 
Information Svstems Group, Glendale, Calif. 
William P. Hilliard succeeds Mr. Lee as 

C resident, GPL Div., Aerospace Group, 
ittle Falls, N. J. 

Wesley S. Melahn, a vice president. Sys- 
tem Development Corp., Santa Monica, 
Calif. Mr. Melahn continues as manager 
for SDC’s Air Defense Div. 

Clyde S. Porter, a vice president, Astek 
Instalment Corp., Armonk, N. Y. 

William Pentland, vice president-director 
of manufacturing, Thenn. Inc., Ithaca, N. Y. 

Frank G. Marble, a vice president. Svs- 
tron-Donner Corp., Concord, Calif. 

Lawrence F. Zygmunt. corporate vice 
president-marketing, Airwork Corp., Mill- 
ville. N. J. 

Dr. Gordon K. Teal, assistant vice presi- 
dent-corporate research & engineering at 
Texas Instruments, Inc., has been appointed 
technical director of TI’s International Div., 
with headquarters in Europe. 

for marketing, American Machine & 
Foundry Co.’s Government Products Group, 
Greenwich, Conn. 

Honors and Elections 

Dr. Bruce L. Reinhart, of the University 
of Maryland and Martin Co.’s Research In- 
stitute for Advanced Study (RIAS), has re- 
ceived the Washington Academy of Sci- 
ences' award for outstanding achievement 
during 1962 in mathematics. 

C. J. Reese, president of Continental Mo- 
tors Corp.. has been elected 1963 chairman 
of the Utility Airplane Council of the Aero- 
space Industries Assn., succeeding Mrs. 
O. A. Beech, president of Beech Aircraft 
Corp. 


Changes 


Dr. R. H. Beaton, general manager. Space- 
craft Dept., General Electric Co.'s Valley 
Forge (Pa.) Space Technology Center. 

Forrest G. Hogg, manager for NASA Pro- 
grams, Motorola Military Electronics Div. 
Office, Washington, D.C. 

Claggctt A. Jones, manager, Washington 
(D.C.) Office of the Defense and Space 
Systems Marketing Div. of Burroughs Corp. 

(Continued on page 98J 


INDUSTRY OBSERVER 

► Army Missile Command will initiate a competition in the immediate 
future for multiple industry studies of an Army air defense system. Program 
would be similar to, but less complex than, the now-dormant Field Army 
Ballistic Missile Defense System, a concept for a mobile anti-missile missile. 

► New British nuclear air-to-surface missile, announced by Defense Ministry 
officials as a replacement for Blue Steel (AW Feb. 25, p. 29), apparently 
will be a low-level weapon with relatively short range and a short-burning 
turbojet powerplant. Bristol Siddeley Viper engine has been mentioned. 

► Ling-Temco-Vought is conducting studies aimed at increasing Scout 
booster payload capability to meet desires of NASA and Defense Dept, for 
placing a 32-in.-dia., 250-lb. load into a 300-naut.-mi. orbit. The vehicle 
presently can inject a 25-in.-dia., 150-lb. payload into such an orbit. 

► Pentagon war gaming has convinced Defense Dept, that earth-covered 
steel shelters for tactical aircraft based in Europe would contribute more per 
dollar to U. S. coinbat power than additional or more modem aircraft. 
Initial studies indicate that such shelters, with protected entrances, would 
cost about §90,000 per plane and provide protection against non-nuclear 
attack. DOD has asked for §30 million in Fiscal 1964 for these shelters to 
meet about half its requirements, pending further study of world-wide needs. 

► Small device that can indirectly detect eye motion which would indicate 
vestibular sickness of an astronaut is being developed by Spacelabs, Inc., for 
National Aeronautics and Space Administration's Langley' Research Center. 
Called an impedance oculogram, the device detects radio frequency modula- 
tion caused by impedance changes which occur when the eyeball moves. 
Vertical and horizontal eye movements arc measured by disk electrodes 
pasted to the skin above and below or to either side of the eye. 

► Defense Dept, rejected Fiscal 1964 budget requests of §50 million from 
USAF and $22.5 million from the Navy for operation and maintenance 
funds for their communications systems. A $16.7-million item for improving 
direct communications between the Atlantic and Pacific Missile Ranges 
also was turned down, along with a USAF request for §10 million for addi- 
tional or replacement communications equipment. 

► Royal Air Force OR-351 tactical transport program (AW Feb. 25, p. 29) 
may go to Gloster Whitworth to alleviate that company’s critical economic 
position. Design under consideration calls for four Bristol Siddeley Pegasus 
vectored-thrust engines, with a follow-on version of the aircraft incorporating 
Rolls-Royce RB.162 engines in detachable pods mounted "slipper" fashion 
on outboard sections of the swept wing. General configuration resembles the 
Lockheed C-141 jet cargo freighter, with the vectorcd-thrust engines hung 
in pods beneath the wing. 

► United Aircraft Corp.’s Corporate Systems Center and Space Technology 
Laboratories have been selected by USAF’s Ballistic Systems Div. to con- 
duct parallel studies for hardened' mobility' in relation to small intercon- 
tinental ballistic missiles, as part of a program of advanced ICBM concepts 
(AW Feb. 25, p. 34). Boeing and McDonnell Aircraft Corp. will perform 
parallel analyses of long-range (global) missiles in the same program. 

► Navy’s continued interest in Ling-Temco-Vought's Early Spring project is 
expected to result in funding of a demonstration phase which might involve 
as many as five launches of this anti-satellite system. 

► USAF's Space Systems Div. is evaluating industry proposals for feasibility 
demonstrations of 260- and 156-in.-dia. solid-propellant motors and compo- 
nents (AW Feb. 11, p. 50). Aerojet-General has submitted proposals for bid 
packages 1, 2, 3 and 4 (260-in. motor, 156-in. motor with fixed nozzle, 
156-in. with movable nozzle, and 156-in. using jet tab for thrust vector 
control). Thiokol has bid for packages 1, 2 and 3. Lockheed Propulsion is 
seeking 1, 3 and 4; Rocketdyne has bid for No. 3, and United Technology 
for No. 4. 
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What you need when heat’s the thing to beat 


HAYNES alloys, and parts made from them — to stand up to 
temperatures of 2000 deg. F and higher . . . with resistance to creep, 
thermal shock, fatigue, and oxidation. 

HAYNES alloys are just the thing for hot components in jet engines, 
missiles, and rockets; heat treating fixtures and many other applications. 
Remember: Haynes alloys are available as sheet, plate, and bar; 
investment- or sand-castings; in vacuum- or air-melted form. There is 
one to meet every high-temperature need. 

Want more information or help in solving a high temperature problem? 
Write Haynes Stellite Company, 270 Park Avenue, New York 17, N. Y. 
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Soviet Recon Flights 


Soviet Venus Gaims 


Army Aviation Shift 


Noise Problem Abates 


Washington Roundup 

First known Soviet air reconnaissance using long-range aircraft has begun, Defense 
Secretary Robert McNamara said last week. Earlier flights have used medium-range 
Tu-16 Badger aircraft. But Tu-95 Bear turboprop aircraft, flying from peripheral 
Russian fields, flew over the carrier Enterprise in the Atlantic on Feb. 12 and 13. Badgers 
flew over the carriers Kitty Hawk on Jan. 27 and Feb. 3 and the Princeton on Feb. 15 
and 16, in the Pacific. 

On Feb. 22, two Bears flew over the USS Forrestal southeast of the Azores at 
9 a.m., one staying at 30,000 ft. and one at 2,000 ft., under the overcast. Two more 
repeated the same pattern at 11 a.m. USAF F-102s. which had picked up the Bears 
as they passed Iceland, were joined by Forrestal aircraft, which stayed with the Bears for 
about 150 mi. McNamara said there have been no such flights over the North 
American continent. 

Cuban high-altitude photo reconnaissance assignment was shifted from Central 
Intelligence Agency to Strategic Air Command last Oct. 12 or 13 because CIA didn't 
have enough aircraft to do the job, McNamara said. Just before that, SAC had been 
called in to supplement CIA flights. McNamara also made the first public official 
admission that the aircraft involved were Lockheed U-2s. Russian missile sites in Cuba 
weren’t discovered until after SAC took over, McNamara said. 

Soviet Prof. A. Martynov, director of the State Astronomical Institute of Kiev, 
contends that the Russian probe launched from orbit in February, 1961, undoubtedly 
reached its objective and probably fell on Venus. U. S. sources have said the probe was 
launched at too high a velocitv to have been put into orbit about Venus (AW Sept. 17, 
p. 30). 

Martynov also said measurements made with 5 mm .-21 mm. radio waves from 
earth indicate the planet's surface temperature ranges from no less than 212F on the 
night side to something between 572F and 752F on the sunlit side. He also recalled 
Soviet Academician Kotelnikov’s conclusion that radar signals showed in 1961 that 
Venus rotates in about 10 earth davs. For some significantly different U.S. opinions, 
see p. 26. 

Soviet Marshal S. S. Biryuzov, commander of strategic rocket forces, says it “has 
now become possible to launch, at a command from earth, rockets from a satellite, 
and this at any desirable time, at any point in the satellite trajectory" (see p. 26). Among 
other recent Russian space and military claims are Soviet Defense Minister Rodion Mali- 
novsky's statement that "atomic engines have been created" and that of Chief Marshal of 
Aviation Konstantin Vershinin: “The further perfecting of new types of aircraft is 
intended to increase their ceiling, speed and range. With this goal in mind, work is 
being done to create atomic engines.” 

Army Aviation is about to get the seventh director it has had in the eight years 
since the office was created in February, 1955. Brig. Gen. Delk M. Oden, who holds 
the job now, will become chief of the Army section of the Military Assistance Group 
in South Vietnam in May. lie will be replaced bv Brig. Gen. John J. Tolson. a former 
deputy director of Arm)' Aviation who is now chief of the Anny section in the Ethiopian 
Military Assistance Group. Gen. Oden will be detached Mar. 10 to attend State Dept.’s 
Foreign Service Institute. 

The $280 million appropriated by the last session of Congress for a new, conven- 
tionally-powered aircraft carrier, the CVA-67, has been withheld by Defense Secretary 
Robert McNamara. Shipbuilders, aircraft manufacturers and some congressmen repre- 
senting districts that have shipyards and aircraft plants have been asked informally to 
bring pressure to bear for release of the money. 

Vice Adin. Hyman Rickovcr has convinced McNamara that nuclear reactors are 
the only logical propulsion systems for large ships. And McNamara said that as long 
as Navy is studying the basic power question in connection with the CVA-67. it might 
as well trv to prove the cost-effectiveness of other large ships and fleet air defense 
(AW Feb! 11. p. 35). 

More than three years of hearings and studies on the problems of aircraft noise 
abatement at airports have ended quietly with the House Commerce Committee tossing 
the primary responsibility back to "the industry, the operators, local people and 

Chainnan Oren Harris said that, in effect, “the committee says noise abatement 
has no place in the legislative program of Congress until other jurisdictions and the 
industries involved have met the problem and dealt with it to the best of their ability." 

Committee proposed that “the immediate need for a compressor whine suppression 
device warrants the immediate attention of the aviation industry." It called for con- 
tinued guidance and assistance by Federal Aviation Agency in a many-faceted approach 
to solution of the problem. —Washington Staff 
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TFX Board Selected Boeing Four Times 


Senate probe told Defense officials reversed selection 
unit in picking General Dynamics-Grumman team. 

By George C. Wilson 

Washington— Joint USAF-Navy source selection board on four separate oc- 
casions unanimously recommended the Boeing Co. for the S6.5-billion F-111A 
(TFX) contract but was reversed each time by Defense Dept, civilian leaders 
who insisted that the General Dynamics-Grumman team develop the air- 
craft. the Senate investigations subcommittee revealed last week in opening 
its probe of the award. 

Chairman John L. McClellan (D.-Ark.) promised a full investigation of the 
award and even raised the possibility 


General Dynamics-Grumman contract, 
the truth,” he said. 

The first phase of the investigation 
brought these other disclosures: 

• F-lll contract envisions production 
of 1,700 aircraft, with 255 of them 
programed for the Navy. Cost is esti- 
mated at S6.5 billion. 

• Air Force-Navv source selection 

board, in its fourth evaluation last No- 
vember, concluded that the Boeing de- 
sign would cost S415.5 million less to 
develop and produce than the General 
Dynamics-Grumman design: would 

have 1,000 mi. more ferry range: 50% 
more bomb carrying capacity; be 2.000 
lb. lighter in the Navy version; that its 
engine and avionic packages would 
warm up for takeoff twice as fast at 
— 65F; and that it would land in 600 ft. 
less space over a 50-ft. obstacle. 

By this time. Defense Dept, had or- 
dered both Boeing and the General Dy- 
namics-Grumman team to design their 
proposals around the Pratt & Whitnev 
JTF10A-20, which svas already in exist- 
ence, having been developed originally 
for Navy's proposed Missileer subsonic 
fighter. Boeing's original design had 
specified the proposed General Electric 
MF295 (AW Feb. 12, 1962, p.28). 

"Thus the Source Selection Board ad- 
hered to its fonner decisions and again 
unanimously recommended Boeing, as 
did the intermediate commanders and 
all of the members of the Air Force- 
Council, including three Navy flag 
officers," Sen. McClellan said. 

"The chiefs of staff of both the Navy 
and Air Force concurred and thus the 
matter svas presented to the secretaries 
as a unanimous bi-service recommenda- 
tion for Boeing. The civilian secretaries 
considered the matter and on Nov. 24, 
1962, reversed all recommendations and 
announced that the contract would be 
awarded to General Dynamics . . . 

"The subcommittee seeks to explore 
all circumstances associated svith this 
procurement and to determine the cor- 
rect basis and reason for the decision of 
the Air Force secretary, the Navy secre- 


of recommending cancellation of the 
“Our job is to make the record speak 

tarv and the Secretary of Defense for 
making the award of this contract to 
the General Dynamics Corp.,” Sen. Mc- 
Clellan said. 

• USAF Secretary Eugene M. Zuckcrt 
in a five-page memorandum dated Nov. 
21, 1962, and signed bv Defense Secre- 
tary Robert S. McNamara and Navy 
Secretary- Fred Korth, justified the Gen- 
eral Dynamics choice on grounds that 
Boeing showed “excessive optimism" in 
its proposal. 

The subcommittee quoted this por- 
tion of the Zuckert memo: “There are 
examples of excessive optimism in the 
Boeing proposal— the apparent belief 
that thrust reversers can be developed 
yvithont major problems and engineer- 
ing changes, the view that the variable- 
syveep wings can be easily applied to the 
TFX concept, the use of titanium in 
structural members and the unique de- 
sign for the propulsion installation. 
These examples suggest, if our experi- 
ence is any guide, that much redesign 


Plea for TFX Progress 

Washington— John Stack, Republic 
Aviation Corp. vice president and former 
director of aeronautical research at the 
National Aeronautics and Space Admin- 
istration, urged Congress last week to 
help get the F-l 11A "in the air.” 
"Those of us associated with this 
from the beginning have been through 
a prettv rough grind getting this show 
on the road." Stack told the Senate 
Permanent Inve tigations Subcommittee. 
"I just hope the committee will do every- 
thing it can to get this airplane in the 

and there has been so much talk about 
it that whatever advantage we may have 
had from the catching hold of the idea 

tainly now available toothers, and what- 


and testing would be necessary-, contrary 
to the reduced engineering estimates 
and costs indicated in the Boeing pro- 
posal." 

Without identifying the memo as 
Zuckert’s, Subcommittee Counsel Je- 
rome Adlerman asked John Stack about 
the points it raised. Stack, now vice 
president and director of engineering at 
Republic Aviation Corp.. helped pio- 
neer the variable sving concept while 
directing aeronautical research at the 
former National Advisory Committee 
for Aeronautics and the National Aero- 
nautics and Space Administration. Stack 
said, “Why, no," when asked if the 
Boeing variable-sweep wing concept 
sounded over-optimistic. 

"The one step that has been made 
out of the lessons of the X-5 and the 
one step made since the X-5 svas the 
discovery of how to hinge these wings so 
that they could just sweep back and 
forth and not have to be moved back 
and forth as rvell— and to get also the 
proper kind of longitudinal stability and 
control," Stack said. "This svas the 
thing that has been added here that 
makes this airplane, and it svas that 
fundamental discovery." 

As for Boeing's proposed use of tita- 
nium, Stack said: "I don’t understand 
why something rvould be downgraded 
because you used titanium. . . . Tita- 
nium to my mind is a perfectly normal, 
usable material, and rvnen a competent 
set of designers pick it up for applica- 
tion some place, you can be sure that 
they have very good reasons, and they 
probably picked it because in the appli- 
cation it gave them the lightest weight 

As for using thrust reversers. Stack 
said putting them on the F-lll A “is a 
difficult problem but nothing insur- 
mountable." lie said "wc will probably 
have those [thrust reversers] on all fight- 
ers in the future." 

The propulsion installation referred 
to by Zuckcrt includes the engine air 
scoops. Boeing in its design placed 
them on top of the airframe rvhile 
General Dynamics put them under- 
neath. Here again. Stack took issue 
with Zuckert by declaring he favored 
placing the scoops atop the airframe 
because this left more room underneath 
to hang weapons and also reduced the 
chances of foreign matter entering the 
scoops, especially- in rough-field takeoffs. 
• McNamara himself made the decision 
to asvard the F-l 1 1 contract to General 
Dynamics despite the four unanimous 
recommendations by the Air Force- 
Navy source selection board that the 
job go to Boeing. “Ordinarily, in a 
routine procurement in the Air Force, 
the matter would end there with the 
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Secretary of the Air Force,” Robert E. 
Dunne, subcommittee associate coun- 
sel. said during the closed hearings last 
week. "Because it was a bi-scrvicc 
procurement, bi-service source selection 
with regard to the TFX, Mr. Korth and 
Mr. Zuckert made recommendations to 
the Secretary- of Defense. Mr. Mc- 
Namara, who made the ultimate deci- 
sion in the case." Dunne said the 
board's recommendation reached the 
Secretary- of Defense level eacli of the 
four times and McNamara sent it back 
for further consideration the first three 
times. But Dunne said he did not 
know for sure whether McNamara or- 
dered it sent back or if he suggested to 
the other secretaries that they- send it 
back. 

• USAF Col. Charles A. Gayle became 
program director of the F-l 1 1 project 
Nov. 5. 1960, at Wright-Patterson 
AFB even though he had little previous 
experience with procurement. Adlerman 
asked: "Essentially your field really was 
in the tactical air field throughout your 
service?" Col. Gayle answered: "That 
is correct . . - Rather than the 
acquisition of the airplane itself, I was 
on the using end." Col. Gayle is a 
fighter pilot who said his duties as F-lll 
program director “are to manage the 
program office and the program in the 
acquisition of this particular weapons 
system which covers all the areas with 
regard to the weapons system, technical 
aspects and other aspects.” 

• Rear Adin. Paul D. Stroop, chief of 
the Bureau of Naval Weapons, wrote 
Adm. George W. Anderson, chief of 
Naval Operations, on May 16. 1962. 
recommending abandoning efforts to 
produce an aircraft which would be suit- 
able for both the Air Force and Navy. 
Adm. Anderson overruled him and or- 
dered work on the TFX to proceed. 
Zuckert and Korth on June 1. 1962. 
told McNamara they had directed the 
source selection board to review the pro- 
posals to correct the deficiencies seen 
by the Navy in the designs. The sec- 
retaries gave the board three weeks to 

• Col. Gayle during the drawn out 
F-l 1 1 selection process told his supe- 
riors that there svas no point in con- 
tinually re-evaluating, declaring the 
point had been reached where further 
rey-iews yvould cause significant slippage 
in the program's milestone target dates, 
such as first flight and first operational 
unit. Excerpts from that portion of the 
hearing: 

Adlerman: Col. Gayle, did that time 
of three weeks give you enough time to 
really permit a detailed evaluation [of 
deficiencies cited by the Navy] and as- 
signment of point scores on the third 
evaluation? 

Col. Gayle: No sir, it did not. 

Adlerman: Horvever, did you brief 
the source selection board on svhat you 


did have as a result of your evaluation, 
as much as you were able to do in that 

Col. Gayle said this svas correct. At 
first he said he could not remember 
svhat his osvn group's recommendation 
svas at the end of this three xveek re- 
evaluation but then identified as his 
a document which recommended 
Boeing.) 

Adlerman: Did you say anything fur- 
ther than that? Did you say that con- 
tinued exercises can only be of limited 
value? 

Col. Gayle: 1 have said that in a 
couple of instances. I would assume 
that it is probable that I said it there. 
It would probably appear earlier. 

Adlerman: And that it yvould result 
in milestone slippage 

Col. Gayle: That is correct. 

Chairman McClellan: In other svords. 
you felt that you had done all the eval- 
uating you could? 

Col. Gayle: Yes sir. 

Chairman McClellan: And that fur- 
ther evaluation yvould simply produce 
the same result? 

Col. Gayle: I believe I made a state- 
ment in one of the evaluations that fur- 
ther evaluation would bring them much 
closer together and that a decision 
yvould be harder to make. I do not re- 
call exactly when I made that. . . . 

Adlennan: But this xvas your feeling, 
that if you continued these evaluations, 
eventually both contractors would come 
up to a point where they will be equal 
to each other. In other svords, you 
yvould continue evaluating and evaluat- 
ing and evaluating, and you point out 
the areas where one company is deficient 
or the other company is deficient, and 
finally, after a long series of evaluations, 
you will reach a point rvhcrc. as you 
point out the deficiencies and they arc 
corrected as you go along, eventually 
vou come to infinity, svhere you finally- 
come to a point where they arc both 
about the same, is that correct? 

Col. Gayle: They yvould both solve 
the problem, that is correct. 

Chairman McClellan: But to rvait for 
that period of time you yvould be losing 
milestones, yvould vou not? 

Col. Gayle: Yes' sir. You gain some, 
but there comes a point in time, as you 
mentioned, that vou start losing. 

• Zuckert, in effect, told the source se- 
lection board after the third evaluation 
to help General Dynamics in every way 
it could to correct its deficiencies so its 
proposed aircraft yvould be as good as 
Boeing's. On June 29, 1962, Zuckert 
said the board should treat the compa- 
nies like prime contractors rather than 
competitors (see p. 24 for partial text). 
These instructions surprised Sen. Mc- 
Clellan, as these excerpts from tire hear- 
ing shorv: 

Chairman McClellan: I don’t knoyv, 
but yvould that mean that all of those 


involr-ed in this selection program in 
the services were to give all advice and 
counsel to each contractor and be of 
any help they possibly could to get 
them to straighten out and improve 
their design on their plane? 

Col. Gayle: Specifically, the evalua- 
tion group yvas given the authority to 
work yy-ith the contractors as a single 
source to give them that guidance that 
yy-e could on deficiency corrections and 
other areas of sveakness rvithout specifi- 
cally designing the rveapons system, it- 
self. This remained the responsibility 
of the contractor. 

Chairman McClellan: Prior to that 
time, each contractor or bidder had 
been on his orvn svith respect to mak- 
ing improvements. You suggested the 
kind or improvements that needed to 
be made or svhere the deficiencies sverc, 
and they svould undertake on their osvn 
to do it. 

Nosv, you are being told to just take 
each contractor under your sving, so to 
speak, and help him every xvav you can 
to correct these tilings, as if he were the 
prime contractor. 

Col. Gayle: As if he sverc the prime 
contractor, rvithout specifically telling 
him boss- to correct a deficiency, though. 

Chairman McClellan: You svould not 
necessarily tell him that, but you would 
help him any way you could and make 
any suggestions you could? 

Col. Gayle: To the degree possible. 


Sen. Karl E. Mundt (R. S.D.): Would 
that mean that you would go into de- 
tail svith each company on such things 
as loitering time? Did you talk to both 
companies about loitering time? 

Col. Gayle: If the area sverc a de- 
ficient area and concerned itself with 
loitering time, we svould point this out, 
and there svould be discussions. We 
did hold meetings with each contractor 
on a scheduled basis. The guidance in 
all instances svas. to my people and 
people rslio supported me, “you will 
not tell them hosv to correct. Vou will 
tell them to the maximum possible 
svhat the deficiency is and give them 
that guidance that you possibly can.” 

Sen. Mundt: Would your operations 
svith the tsvo companies go so far that 
in talking to the Company A, you 
might say, "Look, Company B has a 
better procedure for stopping a plane 
than you have, and you have to bring 


yours up?” 

Col. Gayle: No sir. My instructions 
to all of my people sverc under no cir- 
cumstances svould they discuss anything 
of one contractor to the other contrac- 
tor. My directions to the individuals 
concerned got to the point that if they 
svere not exactly sure, they svould make 
no statement without direct reference 
to a document in order to avoid just 
svhat you svere talking about. 

Sen. Mundt: So you yvould limit your 
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Chronology of TFX Evaluations 


Washington— Evaluation of the competing Boeing and Gen - 
eral Dynamics-Gramman proposals for the F-111A (TFX) 
tactical fighter consumed about 200,000 man-hours for the first 
three evaluations before civilian Defense Dept, secretaries 
ordered a fourth. The chronology as disclosed by the Senate 
Permanent Investigations Subcommittee probe of the contract: 

• First evaluation. Air Force-Navy source selection board in Jan- 
uary, 1962, unanimously recommended Boeing but civilian 
secretaries ordered both Boeing and General Dynamics-Grum- 
man to refine their designs. 

• Second evaluation. In May, 1962, the board again unani- 
mously recommended Boeing but Navy expressed fears that the 
designs would not fulfill its needs. Both contractors were di- 
rected to rework their designs again. 

• Third evaluation. Source selection board on June 20, 1962 
unanimously recommended Boeing. Air Force Council, includ- 
ing Navy members, unanimously recommended Boeing on June 
21 and said the conclusion was unequivocal. It said the defini- 
tion of the actual F-lll design should follow the selection of 
the source. Navy representatives had voted for Boeing but said 
they could not commit the service to proceeding with the 
program until the design was settled. Navy traditionally fixes 
the design first and picks the source second while the Air Force 
works in reverse order. Gen. Curtis LeMav, Air Force chief of 
stall, and Adm. George W. Anderson, chief of naval operations, 
concurred in the board’s decision without comment. Neither 
USAF Secretary Eugene Zuckcrt nor Navy Secretary Fred 
Kortli signed the board's recommendation. They considered 
the board's report June 22, 1962. Zuckcrt was concerned 
whether the Navy would commit itself to the F-lll program 
while Vice Adm. Robert B. Pirie, then deputy chief of naval 
operations for air, said there was a 90% chance the Navy would 
accept the program, according to the memorandum from 
USAF Lt. Gen. D. C. Strother, former deputy chief of staff for 
operations. Adm. Anderson said the Boeing design was 
acceptable to the Navy and "gives every indication of being 
an acceptable weapons system," Robert E. Dunne, subcom- 
mittee counsel, said in summarizing the memorandum. "The 
Navy representatives agreed that the Boeing design had im- 
proved whereas that of General Dynamics had slipped." Dunne 
said. On June 29, 1962, Zuckcrt wrote the source selection 



assistance to pointing out that in such 
category, conceivably, hypothetically, as 
loiter time or thrust reversers, or maxi- 
mum speed, "You arc weak on this,” 
but you don’t tell them what the other 
guy " has, and they have to bring 

Col. Gayle: That is correct, and in 
each instance there was a document 
given to each contractor outlining the 
deficiencies or problem areas, as we 
called them, or the weak areas. 

Chainnan McClellan: (He read this 
portion of Zuckert’s June 29, 1962, 
directive to the source selection board): 
"During the 60-day period, approval to 
work directly with each contractor as 
though he were a prime source, is 
granted. Contractors may be given 
guidance in all areas as to’ appropriate 
corrective actions, specific equipments 
or similar guidance to insure maximum 
benefit from the contractors efforts.” 
What is withheld in those instructions 
that you could not do, to try to help 
each contractor, or bidder? 

Col. Gayle: Well, the intent was to 


try and get the best weapons system 
from either contractor to meet the re- 
quirements. 

Chairman McClellan: In other words, 
you were to give full help? 

Col. Gayle: To the maximum pos- 
sible. I did instruct my people they 
would not specify to the contractor, 
however, how to design the particular 
system. For example, if we take de- 
celeration, there are many means of 
decelerating the airplane and different 
means would be discussed with the 
contractors, but we would not specify 
“use this one.” 

Sen. McClellan: You left it to his 
judgment to experiment with it and 
come in with what he thought was 
best? 

Col. Gayle: That is correct. 

Chairman McClellan: Now let me 
ask you, is this instruction here, to take 
two contractors and treat them both as 
prime contractors, to help them develop 
their product— is that usual or unusual 
to your procedures? 

Col. Gayle: Sir I believe that can 


be considered a "first" in source selec- 

Chairman McClellan: It can be con- 
sidered what? 

Col. Gayle: A "first”; 1 believe it is 
unusual. It is a "first.” 

Chainnan McClellan: Now, at that 
stage, when this instruction was given, 
the Boeing plane or the Boeing Co. 
had been approved as a source three dif- 
ferent times on all of the lower echelons 
up to that time, had it not? 

Col. Gayle: This is the first time I 
have heard of it. The record shows that. 

Chainnan McClellan: Whatever the 
record reflects is true? 

Col. Gayle: That is correct. 

Chairman McClellan: I won't ask 
you this, and this may be a conclusion, 
but a question would arise— and I won’t 
ask you to answer it— but the question 
arises immediately: Who or which of 
the two contractors was calculated to 
get the greatest benefit from this novel 
and new or unusual procedure? You 
needn’t comment. But it raises that 
question. 
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NASA May Drop Surveyor Lunar Orbiter 


By Alfred P. Alibrando 

Washington— U. S. space agency may 
drop its Surveyor lunar orbiter program 
and add manned lunar orbiting flights 
to the Apollo B program to supply 
close-up pictures of a Targe portion of 
the moon. 

This possibility was disclosed last 
week by Dr. Homer E. Newell, director 
of the National Aeronautics and Space 
Administration’s Office of Space Sci- 
ences, during House space committee 
hearings on NASA's "posture." 

Dr. Newell said a review of the Sur- 
veyor orbiter program is under way and 
a decision is expected by the middle of 
this week, when the subcommittee on 
space sciences begins authorization hear- 
ings on the Office of Space Sciences' 
$754-million budget request. 

NASA is asking for S28.2 million in 
Fiscal 1964 for development of the Sur- 
veyor orbiter spacecraft, scheduled for 
its first launch in 1965. The first cir- 
cumlunar-orbiter Apollo flights may 
hike place as early as 1966. The first 
manned landing on the moon is sched- 
uled for 196S. 

Principal consideration in the review 
is whether obtaining pictures of large 
areas of lunar surface six months to a 
year earlier than they can be obtained in 
the first Apollo flight justifies the cost 
of the Surveyor orbiter program. 

Hughes Aircraft Co. is making Sur- 
veyor orbiter design studies. The space- 
craft, intended to orbit the moon at an 
altitude of about 60 mi., is to carry a 
stereo television camera system of low 
to high resolution. Television pictures 
sent hack by the spacecraft, and precise 
tracking of its orbit, would provide data 
for selection of landing sites and infor- 
mation for programing guidance of the 
Apollo spacecraft as it approaches and 
orbits the moon, and performs rendez- 
vous, descent and ascent maneuvers. 

If the lunar mapping mission is 
shifted to the first Apollo mission, it 
could be accomplished either through 
use of color motion picture photography 
or with the television system that is to 

be incorporated into Apollo. 

Ranger and Surveyor lander flights 
scheduled between now and 1966 are 
to return high-resolution television 
pictures of relatively small areas on the 
moon and provide lunar surface data 
for development of landing gear. 

NASA has failed in three attempts 
to photograph the moon. Following 
the flight of Ranger 5 last fall— the 
third failure— the agency ordered a 
thorough review of the program (AW 
Dec. 17, p. 33; Dec. 24, p. 17). This 
has delayed Ranger 6, originally set early 
this year, until June or July. 


First flight of a Surveyor soft-lander 
has slipped to 1964; and even this 
schedule depends on solution of prob- 
lems in the Centaur launch vehicle. 

If the Surveyor orbiter is eliminated, 
it will be the second lunar flight pro- 
gram dropped because of the 1961 de- 
cision to accelerate the Apollo program. 
Funds for Prospector, a big, roving 
unmanned scientific laboratory, were 
cut out of the NASA budget last year. 
Prospector was scheduled for the late 
1960s, by which time men arc expected 
to be making direct scientific observa- 

Thesc were other areas covered in the 
opening hearings: 

• Economy— Several members of the 
committee expressed concern over the 
55.7-billion NASA budget request. The 
agency's administrator, James E. 
Webb, said the S5.7 billion represented 
an "austere” budget and anything less 
would slow down the Apollo program. 

• Reprograming — The committee 

sought to find out why NASA deleted 
from its programs in Fiscal 1963 proj- 
ects involving more than S200 million 
appropriated by Congress, and added 
S167 million in projects which were 
not authorized (AW Feb. 18, p. 38). 
Webb and Dr. Robert C. Seamans, 
Jr., associate administrator, said chang- 
ing requirements in a rapidly develop- 
ing program required "flexibility.” 

• Electronics Research Center— A 

NASA request for S5 million to begin 
development of an Electronics Re- 
search Center in the Boston area came 
under considerable fire by committee 
members, who questioned the request 
because of the area selected and the 
possible duplication of existing indus- 


trial and university facilities. Com- 
mittee members asked to see the report 
on which the site selection was based. 

• X-20 (Dyna-Soar)— The committee 
sought to establish NASA's position on 
the value of the Air Force X-20 pro- 
gram. Seamans said the X-20 program, 
which would use a Boeing Co. boost- 
glide vehicle, has different mission ob- 
jectives from those in the NASA proj- 
ect Gemini and the program should be 
continued. The X-20 program is under 
review and could be cut back drastically 
(AW Feb. 25, p. 26). 

• Ranger— NASA disclosed that systems 
and reliability tests on the Ranger 6 
spacecraft reveal that subjecting com- 
ponents to extremely high tempera- 
tures for prolonged periods ages them. 

• Gemini D— Braincrd Holmes, direc- 
tor of NASA’s Office of Manned Space 
Flight, told the committee the first 
unmanned suborbital flight still is 
scheduled for December, 1963. He re- 
vealed that the Titan 2. on which Ge- 
mini is to be launched, has been having 
longitudinal vibration problems that are 
being remedied through increased tank 
pressurization. Holmes also disclosed 
that parachute landings at sea will be 
used in the first three Gemini flights, 
indicating a delay in development of the 
paraglider landing system which was 
scheduled for all but the first suborbital 
flight (AW Jan. 28, p. 55). 

• F-l engine— Holmes said the F-l 
combustion instability problem (AW 
Feb. 4. p. 26) was severe but is clearing 
up under intense analytical and experi- 
mental work. He said there has been no 
difficulty with the fuel injection system 
in the last 1 1 firings of the engine, 
some of which lasted well over 100 sec. 
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Congress Seen Key to Military Space Role 


Washington— Air Force leaders are 
subtly inviting Congress to authorize 
a bigger military space role while De- 
fense Secretary Robert S. McNamara is 
assuring Congress that the present pro- 
gram is adequate. 

Russia's recent claims that it can 
shoot missiles from its satellites are 
sure to inflame the issue and show more 
publicly the split between McNamara 
and some segments of the Air Force on 
the question of whether the U. S. is 
doing enough in its military space pro- 

McNamara this month privately 
visited Sen. Howard W. Cannon (D.- 
Nev.) in hopes of quieting the senator's 
outspoken rears about the size of the 
U. S. military space effort. But even 
after hearing this inside information 
about military space programs. Sen. 
Cannon said he still felt more should 
be done. Sen. Strom Thurmond (D.- 
S. C.) heard McNamara testify in closed 
session before the Senate Armed Serv- 
ices Committee but said he, like Sen. 
Cannon, still thought "more should be 

Both Sens. Cannon and Thurmond 
are military reserve officers— as are Sen. 
Barry Goldwater (R.-Ariz.), who is press- 
ing for a larger military space role, and 
Sen. Margaret Chase Smith (R.-Ariz.), 
high-ranking member of the Senate 
Armed Services and space committees 
and defense appropriations subcommit- 
tee, who has challenged the adequacy 
of the military space programs in a 
series of questions to McNamara. 

All four senators are therefore open 
to the charge of being biased on the 
issue. But through their committee posi- 
tions they can bring the issue to the 
fore. Sen. Cannon is a member of the 
space committee and both he and Sen. 
Thurmond are on the Armed Services 
Committee. 

Chairman Richard B. Russell (D.- 
Ga.) of the Senate Armed Services 
Committee also is concerned about the 
military space program. By invoking the 
seniority rule, he has bumped Sen. A. 
Willis Robertson (D.-Va.) from the 
chairmanship of the powerful defense 
appropriations subcommittee. 

Sen. Russell asked Sen. Robertson to 
take the chairmanship this year, suc- 
ceeding the late Sen. Dennis Chavez 
(D.-N. M.), and then decided to take 
the job himself. With these chairman- 
ships plus his membership on the space 
committee. Sen. Russell is in the most 
powerful position of anyone in the 
Senate to demand more emphasis on 
military space missions. 

Ratber than contradict McNamara in 
public. Air Force leaders so far are reiv- 
ing on sympathetic lawmakers to pre- 


sent their case. Even so, the public 
statements of Air Force leaders before 
the House Armed Services Committee 
all but requested Congress to authorize 
a bigger military space program immedi- 
ately, rather than settle for the cautious, 
step-by-step approach ordered by Mc- 
Namara and Dr. Harold Brown, director 
of defense research and engineering. 
Examples of this expressed impatience 
to get on with the military space job: 
• Secretary Eugene M. Zuckert said 
"the Air Force has developed a solid 
foundation of space on which military 
capabilities can be built. These efforts 
have brought ns to a point where signi- 
ficant military space possibilities arc 
clearly apparent. Utilizing the techno- 
logical base so far established, the Air 
Force must translate these technical 
capabilities into actual defense systems. 
The time required to move from a 
development stage to operational sys- 
tems is measured in years. Yet. it ' is 
the ready military capability, not the 
technological base, that accomplishes 
deterrence. Accordingly, the Air Force 
proposes to begin some of these con- 

But Zuckert said the Air Force Fiscal 
1964 budget docs not include “all 


facets” of its "long-range space pro- 
gram." He said the long-range program 
has two basic objectives: (1) building 
a defense capability in space which in- 
cludes supporting the land forces of 
the U. S.; (2) denying to a hostile power 
the uninhibited military exploration of 
space and to provide a system of pro- 
tection for U. S. scientific activities. 

• Gen. Curtis E. LcMay, USAF chief 
of staff, made a similar statement before 
the House Armed Sendees Committee. 
"We believe the Soviets will produce 
and deploy those military- space systems 
which they find feasible and advanta- 
geous in comparison with other types 
of weapons and military equipment . . . 
Wc must not risk the danger of waiting 
for the enemy to demonstrate a capabil- 
ity before wc undertake development 
of our own. The visible threat to our 
national security' requires a vigorous 
military space program." 

House Armed Sen-ices Committee 
discussed the military space program 
during the closed hearings but did not 
authorize any more money than De- 
fense Dept, requested. The focus now 
moves to the Senate Armed Sendees 
Committee, which continues its posture 
hearings this week. 
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Air Force leaders also detailed other 
advanced programs it wants to pursue 
in Fiscal 1964. It is asking 5122,986,- 
000 in new funds for Fiscal 1964 air- 
craft research and development, with 
the biggest slice scheduled for General 
Dynamics-Grumman F-111A fighter 
bomber being developed for both the 
Air Force and Navy (see p. 22). For 
missiles and other advanced develop- 
ment programs. Air Force is asking for 
total new obligational authority of 
51,060.100,000. 

Aircraft Research 
Details of the Fiscal 1964 requests, 
with all amounts shown being new 
obligational authority, are: 

• F-111A, S232.7 million. Fabrication 
of airframe components and subsystems 
is to start in Fiscal 1964. A mock-up in- 
spection is slated for some time between 
July and September of 1961. 

• Lockheed C-141A. First aircraft is 
slated for completion in August. Flight 
testing is to start next December. The 
514 million requested will be used to 
complete five test aircraft. Individual 
components will be tested and static- 
fatigue tests, using full-scale items, will 

• Aircraft flight dynamics. Air Force 
plans to spend S8.5 million on 21 proj- 
ects. including a joint USAF-Federal 
Aviation Agency effort to develop a 
computer which could laud an airplane 
automatically, and laboratory aero- 
dynamic tests on vehicles flying a simu- 
lated speed of more than Mach 8. 

• Northrop X-21. This laminar flow 
control aircraft is slated to make its first 
flight next month. Air Force is asking 
51 million to complete flight testing in 
Fiscal 1964. 

• VTOL aircraft— SI 1.5 million to fi- 
nance USAF’s share of this tri-scrvicc 
effort. The Vought-Hiller-Rvan XC- 
142 transport fabrication will be com- 
pleted in November: first flight is slated 
for March, 1964, and delivery of the 
first aircraft to USAF for testing is 
scheduled for June, 1964. The other 
USAF-managed VTOL development is 
the Curtiss-Wright X-19 twin-engine 
research vehicle which has tilting pro- 
pellers to provide the vertical takeoff 
and landing. Air Force said X-19 flight 
testing would begin this July. Opera- 
tional evaluation is slated for the April- 
Junc, 1964. time period. 

• Foreign aircraft evaluation— 510 mil- 
lion to evaluate both U. S. and foreign 
V 'STOL concepts. Lt. Gen. James Fer- 
guson. USAF deputy chief of staff for 
research and development, said foreign 
programs "of great interest to us” in- 
clude the German DO-11 transport, VJ- 
101 C&-D. Fockc-Wulf 1262 reconnais- 
sance strike light-weight aircraft: French 
Marcel Dassault Mirage IV reconnais- 
sance strike bomber: British Hawker 
P.l 127 reconnaissance strike fighter. 


• Light-weight turbojet— S8 million to 
continue over-all design and compo- 
nent testing of advanced engines for 
V/STOL aircraft and air-breathing 
booster vehicles. Gen. Ferguson said 
Air Force hopes to assemble and test a 
demonstrator engine in Fiscal 1964. 
The objective is to develop small but 
powerful engines that might make 
V/STOL fighters practical. General 
Electric Co. and Continental Aviation 
Co. arc USAF contractors in this effort. 

• Low-altitude guidance. Ling-Temco- 
Vouglit, Inc., and Texas Instruments, 
Inc., began work in Fiscal 1962 on this 
effort to demonstrate feasibility of a sys- 
tem to guide supersonic missiles and 
aircraft at low altitude over land and 
water. With the 51 million requested 
for Fiscal 1964, Air Force plans to build 
a subsystem simulator and test it. Gen. 
Ferguson said other contractors will be 
brought into the program later. 

• Reconnaissance-strike equipment. 
Tests will continue on sensors— includ- 
ing infrared, side-looking radar and 
electromagnetic information gathering 
techniques— for reconnaissance-strike air- 
craft. Air Force is asking 519. 1 million. 
Development work is slated to proceed 
through flight test in a Boeing C-115. 

• North American XB-70. The SSI 
million already authorized will be used 
to flight test the first aircraft in Fiscal 
1964; fabricate the second and its sub- 
systems, and start fabrication on the 
third XB-70. The third XB-70 will have 
a prototype bombing system. No new 
funds were requested this year. 

• Aircraft operational support— 513 mil- 
lion to stress tactical reconnaissance and 
electronic countermeasures under the 
Boeing B-12 electronic countermeasures 
project. Gen. Ferguson said "wc will 
hare to counter more powerful radars 
and advanced techniques designed to 
confuse our electronic equipment." 
Missile Research 

• ICBM development— S154.8 million, 
to he apportioned this way; S700.000 
to complete tests on the General Dy- 
namics 'Astronautics Atlas F; 521.4 mil- 
lion to complete Martin Titan 2 tests, 
with launches slated from both the At- 
lantic and Pacific missile ranges: 5129 

engine and improved guidance system 
for the Boeing Minnteman. Gen. Fer- 
guson said "the improved system will 
have greater flexibility than the present 
Minuteman force. We have found it 
has been very costly to introduce added 
flexibility into existing missiles.” 

• Nuclear effects— 540,082,000 for 25 
exploratory projects in the fields of 
nuclear weapons and effects, rocket pro- 
pulsion. electromagnetics. Specific 
projects in Fiscal 1964 planning include: 
studies of the vulnerability of nuclear 
weapon systems; exploring new concepts 
in solid rocket engines; electronic re- 


search in computer technology in hopes 
of finding ways to ensure high speed, 
reliable and more accurate operations 
during the intense cold and radiation 
encountered in mid-course flight by 
ballistic missiles. 

• Project Pluto-$15 million. This pro- 
gram is designed to develop a super- 
sonic. low-altitude missile (Slam). Air 
Force failed to convince Defense Dept, 
to let it accelerate this effort, so Fiscal 
1964 work will be limited largely to 
tests of components. 

• Stellar inertial guidance-510 million. 
Air Force will begin flight tests of the 
General Precision Industries guidance 
system for a mobile medium-range bal- 
listic missile. The same fund also will 
finance United Aircraft Corp. research 
at Windsor Locks, Conn., on stellar 
tracking for precision orbital navigation. 

• Advanced ICBM studies-515.5 mil- 
lion for study of the size, range, guid- 
ance and basing concept for the next 
generation of ICBMs. 

• High energy solids. Only S2.5 mil- 
lion is requested to demonstrate the 
possibility of obtaining longer ranges 
with solid rocket motors. Gen. Fergu- 
son said research has shown beryllium 
can replace aluminum in small solid 

• Mobile medium-range ballistic missile. 
Air Force is asking 5143.1 million for 
this development project. Of the 580 
million authorized for Fiscal 1961. so 
far only SI 2 million has been obligated 
for the MMRBM program definition 
phase. 

• Missile penetration of enemy de- 
fenses. Program consists of system 
analysis, broadening of the technological 
base and actual development of pene- 
trating systems for various ballistic mis- 
siles. Request is for S218.6 million. 


Titan 3 Development 
Contract Is Awarded 

Washington— Air Force last week 
awarded a S50,l 58,000 contract to the 
Martin Co. for design, development 
and fabrication of the Titan 3 stand- 
ardized space booster. Negotiations had 
been under way since last fall. 

Defense Dept, said missions under 
consideration for the Titan 1 are the 
X-20 (Dvna-Soar) boost-glide vehicle, 
communications satellites. Gemini-tvpe 
spacecraft and a manned orbital de- 
velopment station (MODS). 

Defense Dept, maintains that Titan 
1 will perform heavy payload space 
missions cheaper than the National 
Aeronautics and Space Administration’s 
Saturn booster. Titan 1A will be a 
modified Titan 2 first stage with two or 
three upper stages on top of it. Titan 
1C will be a modified Titan 2 first stage 
with upper stages and two 120-in. dia. 
solid propellant boosters strapped to it. 
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U.S. Urges Polaris-Armed Ships 
For Mulli-Lateral Nuclear Force 


Washington— U. S. wants to start 
building a multi-lateral nuclear force by 
placing Navy-Lockheed Polaris missiles 
on surface ships rather than submarines 
because it believes this approach would 
be both cheaper and faster to imple- 

This preference is hardening into a 
policy decision here as a result of cost- 
dfectivencss studies of surface ships vs. 
Polaris submarines. The U.S. prefer- 
ence is proving embarrassing to Britain's 
Conservative Party, which is under po- 
litical attack at home for accepting 
Polaris submarines as a substitute for 
the USAF Douglas Skvbolt missile 
destined for its Vulcan bombers (AW 
Feb. 11. p. 28). 

U. S. officials, in attempting to clarify 
the multi-lateral nuclear force concept 
here last week, said surface ships anned 
with Polaris missiles could become op- 
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erational within three years and could 
be easier than submarines to man by 
mixed crews representing allied nations. 

Defense Dept, has studied surface vs. 
subsurface ships from the standpoints 
of cost, vulnerability, maintenance, 
crew training, fire power and access to 
ports, as some ports refuse entry to 
nuclear-powered ships. One U. S. 
spokesman said the studies have not 
been conclusive, but have led to "a 
hardening of preference for the surface 
vessel approach." Cargo ships would be 
used. 

State Dept, said last year that it 
preferred to base medium-range ballistic 
missiles at sea rather than in any one 
North Atlantic Treaty Organization na- 
tion. U. S. officials elaborated on why 
this preference for sea-based missiles 
also extended to the U. S. program for a 
multi-lateral nuclear force. 


“A seaborne force, cither surface or 
subsurface," one high U.S. official 
said, is “much better suited for multi- 
lateral manning and for multi-national 
ownership than a land-based force be- 
cause it would not be within the tcr- 

manent basis, but would be largely in 
international waters during its opera- 
tional phase." 

U. S. also will insist on mixed man- 
ning of ships assigned to any multi- 
national force because, as one official 
put it last week, "it is the only way we 
can see by which we can get away 
from a force which can be drawn by a 
nation to serve its own purposes." 

Livingston T. Merchant. State Dept, 
official called out of retirement to head 
the effort to sell U. S. allies on the 
multi-lateral concept, is in West Eu- 
rope this week discussing the proposal. 
State Dept, officials insist Merchant is 
on an exploratory rather than a selling 
mission. U.S. officials said they will let 
the allies help develop the multi-lateral 
plan: not present them with "a full- 
blown American plan." 
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Japan May Intensify Early Warning Effort 


Tokyo-New Japanese survey team is 
expected to arrive in the United States 
shortly in the second round of evalua- 
tions of proposals for a semi-automatic 
weapons control and warning system to 
replace the manual system now in oper- 
ation in Japan. Prime contenders in 
the competition are General Electric. 
Hughes Aircraft and Litton Industries. 

System is integral to Japan's second 
five-year defense buildup. Its functions 
will resemble those of the U. S. Sage 
system, but on a smaller scale. System's 
functions will include air-breathing mis- 
sile detection, tracking, identification, 
threat evaluation and weapons assign- 
ment and control. 

Immediate purpose of the system 
will be to control Japan’s force of Lock- 
heed F-I04Js and the ground-to-air mis- 
siles under development which eventu- 
ally will act as Japan's defense shield 
against hostile aircraft. The Japanese 
government has been studying require- 
ments for such a system since 1959. 

Japan's current weapons control and 
warning system, consisting of 24 manu- 
ally operated radar sites, will be retained. 
However, the required data processing 

for semi-automatic operation and elec- 
tronic countcr-countcrmeasurcs will aug- 
ment and update these facilities. 

Preparatory to a contract award, 
Japan sent a seven-man fact-finding mis- 
sion headed by Maj. Ccn. Maruta of the 
Japanese Self-Defense Agencv to the 
U.S. last fall. The team visited facili- 
ties of the three competing companies 
and was shown partial demonstrations 
of equipment. All three systems ostensi- 
bly met Japanese requirements. On 
its return to Japan the team appar- 
ently recommended the Litton system 
on its first-draft recommendation. The 
report was overruled because the agency 
was seeking further analysis and the 
way was paved for another study. 

Early estimates of the cost of the sys- 
tem were pegged at S65 million, of 
which the U. S. would pay half. The 
U. S.. however, has indicated that the 
cost would probably be closer to $75 
million and that it would only pay one 
quarter. Complicating matters further, 
latest Japanese estimates place the cost 
over the U. S. calculation— exact con- 
tract estimates seem to vary between 
$85 million and $100 million. 

Proposed systems are: 

• General Electric— Basically the GPA/ 
73 which is part of the 412L system. 

• Litton Industries— Marine Tactical 
Data System or Modicon (modular con- 
trol) system which has been in Marine 
Coqjs field use since September, 1961. 

• Hughes Aircraft— Tactical Air Weap- 
ons Control System, elements of which 


have been in USAF, Army and Navv 

Reliable industry sources indicate that 
the GE proposal is the highest, and 
that of Hughes the lowest. However, 
all three estimates apparently are close 
enough together to justify continued 
interest in all three companies. 

Another factor entering into the 
competition is exactly what the U.S. 
will be paying one quarter of— total cost 
of the system's implementation includ- 
ing site improvements, or one quarter 
of the electronics equipment alone? 

In addition to the cost factor, there 
is strong Japanese pressure not to im- 
plement the system at all because it 
will not protect against ballistic missile 
attack. 

Choice of a contractor in Japan may 
play a part in any eventual decision. 
Litton 's general contractor in Japan is 
Mitsubishi Electric, chosen partly be- 
cause of the firm’s successes in acquiring 
defense business. However, some 
sources claim that Mitsubishi is top- 
heavy with defense business and other 
defense contractors might be favored. 
Hughes' contractor, for example, is 
Nippon Electric, which manufactured 
F-86 fire control radar equipment but 
is now beginning to run out of work. 

There was some speculation that the 
Defense Agency might recommend a 
composite of all three systems. There 
seems little possibility of this being 
adopted, however. 

In addition to the three companies 
actively engaged in the competition. 


Grumman has proposed that an airborne 
early warning (AEW) system utilizing 
its E-2A Hawkeye (see p. 68) be 
adopted. The firm contends that the 
aircraft should be selected simultane- 
ously with the system to avoid incom- 
patibilities which might later arise re- 
quiring conversion or adaptation of the 
system. Within the same framework. 
Boeing is trving to promote its C-135. 
The U. S. Military Air Advisory Group- 
Japan (MAAG-J). however, apparently 
sees no fundamental difficulties in 
adding necessary AEW equipment at a 
later date. 

Current operational radar sites in 
Japan include two basic radars: the 
Bendix FPS-3 radar which has been 
modified to an FPS-20. and the GE 
FPS-6 height-finding radar. Sites are 
linked by Communications svstems 
using tropospheric scattering devices. 

System eventually selected will have 
to perform the following functions: 

• Accept radar inputs from each of the 
24 sites and feed the data into com- 
puters which would provide automatic 
display of tracking information and lo- 
cation of all aircraft over the Japanese 
islands and several hundred miles at sea. 

• Track and identify the aircraft. 

• Provide continuous automatic compu- 
tation of friendly vs. hostile targets. 

U. S. companies are making varied 
claims about the suitability of their svs- 

Thc Japanese Civil Aeronautics Board, 
however, seems to prefer a completely 
civilian air traffic control system. 


Military Maintenance Coordination Planned 

policies of the military services by forming an Equipment Maintenance and Readiness 

The new post has been filled by George E. Fouch, former senior consultant to the 
Logistics Management Institute and former manager of the Large Jet Engine Dept, 
at the General Electric Co.'s Evendalc. Ohio, plant. These arc the council’s 1963 
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• Establish a uniform system of cost accounting for n 
differ according to service and parts of the sen-ices. 

• Take steps to eliminate unnecessary inspection and preventive maintenance. Tech- 

Fouch said he and the council will work closely with the Defense Supply Agency, 
which has a program for standardizing spare parts for all military equipment. There is 

Organizations that operate and maintain equipment will be' brought under standard- 

Industrv participation in the new program is being furnished by the National 
Security Industrial Assn. A meeting of the services and industry on equipment 
maintenance management, sponsored by the Sccretarv of Defense, was held at 
Williamsburg, Va., Dec. 5-7. Council secretary is Col. John W. Brcchl, USAF. 


AVIATION WEEK & SPACE TECHNOLOGY, 



Mariner Reveals 800F Y enus T emperature 


By Edward H. Kolcum 

Washington— Planet Venus has a uni- 
form surface temperature of 800F and 
is surrounded by a dense cloud layer, 
17 mi. thick, which has a base tempera- 
ture of 200F and a top temperature of 
— 65F, according to measurements made 
by the Mariner 2 payload. 

Mariner 2 scanned the Venusian 
cloud layer three times when it flew 
past the planet last Dec. 14 (AW Dec. 
24. p. 16). The 447-lb. spacecraft pro- 
vided 129 days of tracking and telemetry 
information, including 65 million data 
bits on interplanetary flight and the 
first direct measurements of the Venus 


environment. The report was slightly 
delayed by "cross-talk” or circuit inter- 
actions which made data analyses more 
difficult (AW Feb. 25. p. 25). 

The picture of a hostile environment 
provided by Mariner 2 largely confinns 
the theory developed from spectroscopic 
and optical observations that the planet 
is too hot to sustain life forms as they 
are known on earth. The 800F surface 
temperature was arriv ed at by measuring 
the cloud base and top temperatures 
and allowing for absorption and emis- 
sion factors. Ground-based measure- 
ments had generally given a surface 
temperature of 61 5F. An opposing 
theory, which has been effectively de- 


stroyed by Mariner 2, was that the 
Venusian surface itself is cool, and the 
cloud layer hot. 

In conjunction with ground-based 
measurements, data from Mariner 2 
gives this new picture of Venus: 

• Surface is hot. rough, and probably 
dry. Because of the greenhouse effect, 
in which heat is reflected back to the 
surface by clouds and slowly circulates 
around the planet, there probably is not 
much temperature difference between 
the sunlit and darkened sides. 

One “cold spot” was found to have 
a 7S0F temperature. This was attributed 
to the possible presence of a mountain 
or lake that caused clouds to be higher 
or more opaque than other areas 
scanned. 

Surface itself may be partially molten. 
Main constituents of the terrain arc 
sand and dust. Total water on the 
planet is about 1,000 times less than 
that on earth. The S00F temperature, 
just above the melting point of zinc, is 
hot enough to melt 50 of the earth's 
elements. Venusian pressure is at least 
20 atmospheres (294 psi.). 

• Cloud cover is thick and begins at an 
altitude of about 45 mi. above the sur- 
face. extending to about 62 mi. It is 
not known if the clouds arc uniform in 
thickness. The clouds block all but a 
small amount of sunlight, making even 
the bright side much darker than the 
earth. 

The three scans by microwave and 
radiometer instruments showed bright- 
ness values of 307F for the dark side, 
570F for the center, and 260F for the 
sunlit side. About 55 deg. of the plane- 
tary surface was scanned. The surface 
temperature is deduced by removing 


Boeing S-1C Award Is NASA’s Largest 

Washington— Boeing Co. was awarded a $418.8-miHion contract for development 
and production ot 11 Saturn 5 S-1C booster stages to be used to launch the Apollo 

award yet made by the National Aeronautics and Space Administration and has 
been under negotiation for the past 14 months. 

The Boeing task calls for production of a ground test booster and 10 flight stages. 
Sub-assembly and testing will be done at company plants in Wichita and Seattle, 
and at NASA facilities at Huntsville. Ala., the Mississippi test site and Cape Canav- 
eral. Major assembly will be done at NASA’s Michoud. La- facility. 

Boeing contract also calls for assistance in vehicle testing and launch. In a related 
action. Army Corps of Engineers awarded a S3.4-million contract to Peace &• Gresham 
Co. to build a service systems and support building for static testing the S-1C booster 
at Marshall Space Flight Center. 

The NASA-Bocing S-1C booster will be powered by a cluster of five Rockctdvnc 
F-l engines, each producing 1.5 million lb. thrust. The F-l will undergo preliminary 
flight rating tests this fall, 'live stage is 3% in. in diameter and is 1.656 in. high. 
Fueled pad weight is 4.7 million lb. 

The three-stage Saturn 5 vehicle has a lunar payload capability of 90.000 lb. 
Second stage will be a North American S-2. powered by a cluster of five Rocketdvne 
J-2 hydrogen-oxygen engines. Third stage is a Douglas S-4B. powered bv a single 
J-2. The assembled vehicle will stand 350 ft. high and weigh about 6.1 million lb. 
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NATO V/STOL May Be Revived 

Paris— Determined new bid is being made to revive the North Atlantic Treats’ 
Organization's BMR-3 requirement for an advanced V/STOL close-support fighter. 
The program was stalled last summer when the competition for a specific aircraft 


Officials of Britain’s Hawker Siddclcv Aviation and France's Marcel Dassault were 
called to NATO headquarters here last week to make new presentations on their 
original entries in the competition— the P.1154 and the Mirage 3V respectively. The 
meetings were attended by NATO military and technical representatives from several 
interested countries. 

BMR-3 supported who have been seeking some means of salvaging the program 
arranged the sessions after finding new encouragement in Britain's recent decision 
to order into development an aircraft "based on the Hawker P.1154” as a replace- 
ment for the Hawker Hunter close-support fighter (AW Feb. 25, p. 28). 

French government already has channeled funds into the Sud-Dassault Mirage 
3V program, and BMR-3 supporters hope that the promise of development funds 
for two programs with differing approaches to V/STOL flight might make it possible 
for other NATO nations to agree on one of the two as a common aircraft that could 
be produced on a multilateral basis. 

National programs for the two aircraft should cover the inaptr development costs 
and could substantially lowct the price for any other countries that might make a 
direct purchase of one of the two or negotiate a licensed-production agreement. 

Apparently, however, there have been no moves thus far to try to resurrect 
the former BMR-4 requirement for a medium-range V/STOL transport that, among 
other duties, would have been used to provide logistics support for the dispersed 
BMR-3 aircraft. 

The P.1154 design will be built around the vectored-thrust powcrplant principle, 
using cither a single Bristol Siddelev BS.100 or two advanced versions of the Rolls- 
Royce Spey’ modified to incorporate deflected thrust. Mirage 3V is scheduled to 
gain vertical lift from eight Rolls-Royce RB.162 lift engines mounted along the 
fuselage. 


absorption characteristics, and assum- 
ing emissivitv characteristics derived 
from radar observations. The three 
scans provided 18 data points, five each 
from sunlit and dark sides, and eight 
across the center. 

Distinct “limb darkening” effect was 
observed for the first time by Mariner 
2. This condition describes a hot sur- 
face covered by cool clouds which give 
a high temperature reading when ob- 
served straight down, and a lower read- 
ing when looking toward the edge be- 
cause the measurements are made 
through a thicker concentration of the 
cool clouds. 

It has been generally theorized that 
the cloud layer consists largely of car- 
bon dioxide, because this is a major at- 
mospheric constituent, but Mariner 2 
measurements indicate that the main 
constituents are condensed hydrocar- 
bons. similar to smog. Some solar radia- 
tion penetrates the cloud cover. 

These results of the Venus environ- 
ment were reported by Dr. Douglas E. 
Jones of Brigham Young University 1 and 
Dr. Louis D, Kaplan of the University 
of Nevada. Both also are associated 
with Jet Propulsion Laboratory-, man- 
ager of National Aeronautics and Space 
Administration's Mariner program. 

These were other highlights of the 
conference on Mariner 2 results: 

• Cosmic dust incidence was extremely 
low once the spacecraft left the influ- 
ence of the earth. Only two impacts 
were recorded during the interplanetary 
flight of 109 days, compared to an earth 
satellite which recorded 3,700 strikes 
during a month. This was reported by 
W.M. Alexander of Coddard Space 
Flight Center. 

• Total radiation dose for the entire 
flight was 3 Roentgen, according to Dr. 
Hugh Anderson of JPL. This dose is 
well within man's tolerance, lie said 
the general level of cosmic radiation 
was unchanged during the flight, low 
energy radiation showed increases on 
1 1 occasions, and two incidences of 


Ranger Contractor 

Jet Propulsion Laboratory, NASA's 
contractor responsible for the unmanned 
lunar exploration program, last week was 
studying aerospace industry replies to a 
facilities questionnaire it recently dis- 
tributed preparatory to selecting a manu- 
facturing contractor for future Ranger 
spacecraft (AW Feb. 25, p. 39). 

Companies believed to have submitted 
the necessary information within the 
48-hr. period specified by JPL include 
Lockheed Missiles & Space. Space Tech- 
nology’ Laboratories, Nortronics Div. of 
Northrop, General Electric, Douglas Air- 
craft, Radio Corp. of America. Hughes 
Aircraft and Aeronutronic Div. of Ford 


radiation increases were observed by 
the ionization chamber. One of these 
incidences was associated with a solar 
flare. 

• Magnetism around the planet was 
unchanged from the magnetometer 
measurements made throughout the 
flight-about 5 gammas or 0.00015 of 
the earth's magnetism at the equator. 
Dipole moment of 0.1 -0.2 that of the 
earth is consistent with radar observa- 
tions indicating that Venus docs not 
rotate, according to Prof. Leverett 
Davis of the California Institute of 
Technology. 

• Interplanetary solar plasma was 
measured in 40,000 spectra, and is al- 
ways present, according to Dr. Conway 
Snyder of JPL. Velocity of the wind 
varied from 200-500 mps., and the 
density is extremely low— 10-20 particles 
per cubic in. Temperatures approach 
1 million F. 

Dr. Eberhardt Rechtin of JPL dis- 
cussed telecommunications, one of the 
principal achievements of the Mariner 
flight. He said the ability to track the 
payload successfully to a distance of 
53.9 million mi. assures satisfactory- 
communications "throughout the solar 
system." Mariner radio power was 3 

He said that at the maximum track- 
ing range, "we were measuring the 
velocity to better than 0.1 inch per 
second.” 

Radar bounce experiment started by 


JPL's Goldstonc facility in 1961 was 
repeated in conjunction with the 
Mariner 2 mission. It produced positive 
data that Venus rotates very slowly, if 
at all, with respect to the stars. Dr. 
Rechtin said. This means that stars 
viewed from Venus would appear to 
stand still, and that the sun rises in the 

venusian year, every 225 earth days. 

Dr. Homer E. Newell, director of 
NASA space science programs, empha- 
sized that data from the payload must 
be considered as a progress report until 
reduction and analyses are complete. 
When this is done, according to 
Donald Trask of JPL. more precise 
information will be available on the 
mass of Venus and the earth’s moon, 
the value of the astronomical unit, and 
the location of earth's tracking stations. 

More than 22.000 two-way Doppler 
transmissions were taken during the 
129 days that contact was maintained 
with the spacecraft, which provides pre- 
cise velocity information. Changes in 
this velocity as Mariner 2 flew past 
Venus help determine the planet's 
mass, which is now calculated to be 
0.814S that of the earth, with an error 
of 0.5%. After data analysis is com- 
pleted, the error hopefully will be re- 
duced to 0.005%. 

Goldstonc tracking station location, 
now known to within 100 vd., will be 
known to within 20 yd., also by 
analysis of Doppler data, Trask said. 
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Manned Apollo Ballistic* Flight Considered 

the first Chrysler- produced Saturn 1 boosted stage, which will lie delivered late nest 
year for an early 1965 launch. 

This mission would be the first manned Apollo flight. Tire three-man spacecraft 
would be earned to an altitude of about 155 mi. and to a range of 250-300 mi. 
Mission objectives— spacecraft qualification and crew training— would be the same 
as those for the Mercury- Redstone ballistic flights. The first Gemini spacecraft 
lanncli also will be ballistic, but the capsule will not be manned. 

Booster would be the only stage in the Apollo sub-orbital flight. Its development 
program would be completed in 10 earlier flights. 

The ballistic launch of the command module would be followed by three manned 

Payload assignment has not vct ? becn made for Saturn 5. the Vehicle which will 
carry' Apollo modules on circumlunar and lunar landing missions. 


YB-26K Delivered to Air Force 
For Tests as COIN Interim Plane 


Van Nuys, Calif.— Interim counter 
insurgency (COIN) aircraft, the YB- 
26K, modified version of Douglas 
B-26B. was delivered to U. S. Air Force 
Tactical Air Command’s Special Air 
Warfare Center. Eglin AFB, Fla., early- 
last week for weapons delivery testing. 

Delivery of the YB-26K capped a 
105-dav off-the-shelf conversion of the 
aircraft since the S650.000 contract was 
awarded last November by the Special 
Projects Office of Aeronautical Systems 
Div. Official Air Force acceptance of 
the plane, which was extensively modi- 
fied here by On Mark Engineering Co., 
was expected late last week. 

Air Force is now using Douglas 
B-26B and C models in Vietnam, 
equipped with eight boilerplate wing 
pylons and six .50-cal. machine guns in 
the nose. Counter insurgency air-to- 
ground strikes arc largely anti-personnel 
with napalm, rockets and fragmentation 
bombs, requiring external storcs-carry- 
ing capability. The YB-26K, incor- 
porating modifications for countcr-in- 
surgenev warfare, is one of three 
inventory aircraft the Special Air War- 
fare Center is modifying or considering 
for modification. The others are North 
American’s YAT-2SE (AW Feb. 25, p. 
3-1) and Cessna's T-37B (under consid- 
eration). YB-26K was modified according 
to Air Force specifications as follows: 
• Firepower and weapons delivery capa- 
bility was increased, providing 14 fixed 
.50 cal. machine guns— three in each 
wing and two side-bv-sidc rows of four 
guns in the nose. Up to 4,000 lb. may- 
be carried under each wing on the 
plane's eight external wing pylons. 
Combinations include standard rocket 
launcher pods, gun pods, bombs, 
napalm and external fuel tanks. Tire 
two inboard racks can carry 2,000 lb. 
while six outboard racks cm carry 1.500 
lb. each. Strengthened wing allows over 
5,500 lb. of fuel (165-gal. tip tanks and 


250-gal. drop tanks), guns, ammunition, 
external stores to be carried compared 
with 2,700 lb. on each B-26B wing. 

• Short field landing and takeoff capa- 
bility and flight performance arc in- 
creased by larger engines, anti-skid 
brakes and more efficient 125-ft. Hamil- 
ton Standard reversible pnpelicr. Pratt 
& Whitney R-2.S00-103W engines 
with water injection provide 2,500 hp. 
on takeoff and 1,900 hp. during maxi- 
mum continuous cruise, compared with 
output of 2.000 and 1,600 hp. of 
R-2.S00-79 on B-26B. Takeoff distance 
needed to clear a 50-ft. obstacle has 
been reduced from 3.750 to 3.000 ft. 
Modified KC-135 Hytrol heavy-duty, 
anti-skid brakes and reverse prop have 
cut landing roll from 1,700 ft. to 900 
ft. Maximum cruise speed with external 
stores is 265 kt. (formerly 240 kt.) and 
service ceiling has been increased from 

23.000 to 30,000 ft. Six 1,000-lb. JATO 
installations have been added to further 
shorten takeoff roll when necessary. 

• Ferry range and combat radius has 
been increased with 165-gal. tip tanks 
and low drag wing pylons. Combat 
radius at 5,000 ft. cruising altitude with 

8.000 lb. has been increased from 210 
to 500 naut. mi. with a two-hour loiter 
time. Maximum ferrv range (clean con- 
figuration) of 3,250' naut. mi. (2,800 
naut. mi. for B-26B) meets Air Force 
needs for counter insurgency aircraft 
that they' be ferryable anywhere or dis- 
assembled for transport in C-124s. 

• All-weather capability is provided by 
anti-icing and dc-icing equipment. 
Goodrich high-pressure boots on wings, 
electric propeller anti-icing, wind-shield 
and carburetor air alcohol anti-icing 
system and hot air defrosting have been 
added. B-26B had no anti-icing or 
dc-icing gear. 

• New communications and navigation 
equipment supplements UHF. HP, IFF 
and ADF gear of B-26B. 


News Digest 


Nord Aviation’s C-160 Transall 
cargo prototype made its first flight 
last week. Aircraft, powered by two 
Rolls-Royce Tyne turboprops, is being 
built jointly for the French and West 
German air forces (AW Nov. 26, p. 


Space Technology Laboratories and 
Philco Corp. plan to submit joint pro 
posals for both the Air Force medium- 
altitude communication satellite (AW 
Feb. 4, p. 31) and the Army ground 
tracking stations (AW Feb. 11. p. 23) 
which will provide the communication 
link to the satellites. Industry had been 
informed that no single contractor could 
expect to get both ground and spacc- 
bomc portions of the Comsat system. 

Navy Bureau of Weapons has awarded 
two contracts for production of Bullpup 
air-to-ground missiles, one to the Mar- 
tin Co., Orlando, for S2 1,26 5, 162 and 
the other to the second-source producer, 
Maxson Electronics Corp., Old Forge, 
Pa., for S8.709.897. 

NASA ordered 14 more Thor Delta 
launch vehicles from Douglas last week, 
bringing the total order to 40. The new 
order amounts to $18.4 million. Delta 
has successfully launched 15 successive 
payloads after an initial failure, the best 
record among U. S. launch vehicles 

Navy-Lockheed LC-130F, equipped 
with skis and wheels, made the longest, 
nonstop flight over the South Pole— 
3,600 mi.— on Feb. 22. Territory was 
charted that never before had been 
penetrated. 
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TWA Enthusiasm for Merger Is Wavering 


Setbacks, possible gain from suit swaying some Trans 
World officials; Pan American still eager, however. 

By L. L. Doty 

Washington— Pan American World Airways has intensified its drive to 
merge with Trans World Airlines despite the severe jolts the proposed union 
has received in the past few weeks, but TWA is showing signs of wavering in 
its enthusiasm for the plan. 

Both Pan American President Juan Trippe and TWA President Charles 
Tillinghast have been campaigning for merger support in government circles 
here during the past few weeks, in hopes of softening some of the stiff opposi- 


tion that has built up against it. As of 
at restoring the case to an active status 

Late last month, CAB voted to defer 
action on the application for approval 
of the merger. Meanwhile, the possi- 
bility that TWA may be awarded a 
substantial default judgment in its 
favor from its suit against Hughes Tool 
Co. (AW Feb. 18, p. 49) has put the 
ease in a different light in the minds 
of a number of TWA officials, including 
Ernest R. Breech, board chairman. 

The judgment, which could run as 
high as SI 1 5 million, would transfuse 
new life into TWA’s financial position 
and would strengthen its bargaining 
position in the exchange of stock under 
terms of the merger agreements. A 
more equitable exchange of stock might 
not be acceptable to Pan American if 
it threatened this airline’s status as the 
surviving carrier in the merger. 

There is some feeling within TWA 
that the award could remove altogether 
the necessity to merge with Pan Ameri- 
can, since the former would have a 
financial structure sufficiently strong to 
enable it to continue operations inde- 
pendently. Indications are that top 
Pan American officials are deeply dis- 
turbed over this turn of events, and 
there is speculation within the company 
that the default was a Hughes strategy 
to block the merger, although this can- 
not be confirmed. 

Within TWA, there are now signs 
of elation that the merger is meeting 
heavy opposition. 

Major bar to the merger is the new 
U. S. policy on international air trans- 
portation, which is awaiting only formal 
approval bv the White House before 
being adopted (AW Feb. 11. p. 38). 
The new policy is opposed to the chosen 
instrument principle on major interna- 
tional routes, leaving the strong impli- 
cation that the White House will either 
disapprove the merger or direct the 
establishment of a new carrier on the 


late last week, the strategy was aimed 
at the Civil Aeronautics Board. 


North Atlantic to compete with a 
merged Pan American-TWA, if the 
union is approved. 

The policy is being strenuously re- 
sisted by TWA and Pan American, but 
indications are that other U. S. inter- 
national flag carriers find many phases 
of the policy fully acceptable. As a 
result, a recent attempt to muster strong 
united industrv objections to the policy 
has failed (AW Feb. 18, p. 44). 

In addition, the latest CAB vote to 
defer action on the merger may revive 
old differences between Pan American 
and TWA over the regional concept 
of competition on the North Atlantic. 
At the time the Board temporarily 
pigeon-holed the merger, it directed a 
prompt resumption of proceedings in 
the Transatlantic Route Renewal Case. 

'Hie CAB ordered an investigation 
of the transatlantic route case last spring 
(AW May 14, p. 48), and subsequently 
the Board staff released a study which 
proposed a division of the European 
market with Pan American serving the 
London-Frankfurt route segments and 
TWA the Paris-Rome segments. Pan 


Bonanza Denied Ills 
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American vigorously protested the pro- 
posal, but TWA tacitly endorsed it. It 
was evident at this time that the two 
carriers were on a collision course. 

On Jan. 4, the Board deferred the 
investigation for six months on a joint 
motion by TWA and Pan American, 
which set aside these differences at least 
temporarily. Now, however, with the 
route case preceding the merger case, 
the split over the regional concept could 
grow into a breach over the merger 
as the route case proceeds, particularly 
if TWA’s fiscal posture improves. 

Route case proceedings are scheduled 
to begin Mar. 22 with the exchange of 
information requests. Testimony is 
scheduled for July 1 and hearings will 
be held July 8. Thus, there is a strong 
probability that the merger proceedings 
before the CAB could be held up for 
another year, which is the earliest that 
a final decision on the route case can be 
expected. 

Pan American would like the Board 
to return to the merger case, but failing 
that, it will undoubtedly seek a consoli- 
dation of the merger case with the route 
case. As of late last week, it appeared 
highly likely that Seaboard World Air- 
lines, which has not dropped its fight 
to have its all-cargo certificate modi- 
fied to authorize the transportation of 
passengers on the North Atlantic, would 
support Pan American on this point. 

With the three carriers involved in 
the route seeking tc change the se- 
quence of the proceci ings, it appeared 
likely late last week that the Board 
wouid reverse its position and defer the 
route case again or consolidate the two. 

In deferring further proceedings on 
the merger application, the Board said 
it recognized the "impossibility of 
achieving a definitive vote of the TWA 
stockholders" on the merger in the 
near future. It added: 

“The Board took note of the exten- 
sive legal proceedings already in progress 
regarding the 78% interest of Toolco 
in TWA and the legal problems sur- 
rounding the power of tne trustees to 
vote the Toolco stock presently held in 

Board Member Whitney Gillilland 
dissented from the Board vote. He held 
that the issues in the merger case are 
“inextricably related to the issues on 
the Transatlantic Route Renewal Case 
and . . . the proceedings should be con- 
solidated so that the Board will have a 
latitude and freedom of action in ar- 
riving at a final determination in both 
proceedings." 
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Mohawk Predicts BAC 111 Buy 
Will Help Cut Subsidy in 1966 


New York— Mohawk Airlines pre- 
dicts that the four BAC 1 1 1 short-haul 
jets it has ordered will, in 1966, help 
bring a 51,800,000 reduction in the 
carrier’s subsidy requirements. 

Robert E. Peach, president of the 
regional service carrier, said the British 
jets should in 1966 carry 25% of an 
anticipated 1,500,000 passengers, with 
a 57% load factor. 

"Our 1966 annual report should 
show gross revenues of more than S3 1 
million, including subsidy of S2,SOO,- 
000, or 51,800,000 less subsidy than in 
1962." Peach said in an address before 
the New York Society of Security 
Analysts. 

Peach said Mohawk's subsidy in the 
12-month period ended Sept. 30, 1962, 
totaled 54,779,339, or 7.2% of the 
total subsidy paid to the 13 regional 

"Our subsidy per revenue passenger 
mile was 2.3 cents, or 30% less than 
the next lowest in the industry.” Peach 
said. "The highest was 7.3 cents. 

"Our subsidy in terms of revenue 
miles flown was the lowest in the in- 
dustry. and our non-subsidy or com- 
mercial revenue was the highest per 
revenue mile. Further, the subsidy 
trend in Mohawk communities is fa- 
vorable and our breakeven requirement 
per revenue mile flown declined 14.4% 
from the previous 12-month period." 
Mohawk's Expectations 

Mohawk’s expectations for 1966 
compare with 1962 figures which 
showed 1,026,476 passengers carried, 
load factor of 47.3%, and total 
operating revenues of 523,337,739. 
Whereas net earnings in 1962 were 
S3 20,000, or 61 cents a share, the 
1966 statement is expected to show a 
51,400.000 net, or 51 a share. Peach 
said. 

Forecast was presented by Peach as 
an explanation of why Mohawk de- 
cided to invest S14 million in jets, 
becoming the first of the nation’s 1 3 
regional carriers to place a jet order. 

"Mohawk is not purchasing the 
BAC 111 just for the sake of becom- 
ing a jet operator," Peach said. “It 
is buying it to meet economic and 
customer demand for the replacement 
of obsolescent equipment . . ." 

Peach said the criticism by Alan S. 
Boyd, chainnan of the Civil Aero- 
nautics Board, toward Mohawk's jet 
purchase was evidently based on mis- 
understanding. He said the first he 
knew of Boyd's letter questioning the 
move (AW Dec. 24, p. 28) was in a 
newspaper story, which appeared even 


before Peach received the Boyd letter. 

"I think the premature release of the 
letter’s contents was due to an admin- 
istrative error." Peach said. "And I 
think Mr. Boyd drew his conclusions 
before we had a chance to present him 
with our facts." 

Peach said his airline conducted an 
intensive analysis of the BAC Ill's 
capabilities, and is convinced it will be 
an appropriate aircraft for Mohawk by 
1966 standards. 

"Operational costs, including 10-year 
depreciation and a full allocation of 
overhead, on an actual scheduled 200- 
mi. stage length, escalated to 1966 
cost levels, arc 4.34 cents per scat 
mile," Peach said of the BAC 111. 
"Today’s 1962 actual Convair 440 
costs on the same stage length are 

He added that the jet order contract 
guarantees performance suitable for 
Mohawk’s routes. For instance, it can 
take off from the 5,200 ft. runwav at 
Binghamton, N. Y., which is 1.629 ft. 
above sea level, with a full load of 65 
passengers and 1.000 lb. of cargo. It 
can do this even on an 85F day 
with no wind. A flight to La Guardia 
Airport will require 44 min. from Bing- 
hamton, with sufficient fuel reserve for 
diversion to Hartford or Philadelphia. 

"The only plane now available to the 
local service airlines that has the eco- 
nomic characteristics to substantially re- 
duce subsidy needs is the BAC 111.” 
Peach said, "Our planned operation of 
the four BAC Ills, on 200-mi. stage 
lengths, shows a breakeven load factor 
of 46.5%, which has historically been 
consistently achieved bv Mohawk." 

He said that while Mohawk’s pilots 
have not yet agreed to fly the BAC 1 1 1 
with two-man crews, it has been cer- 
tificated for such operation. Operational 
costs will be minimized, Peach said, if 


Fare Extension 

Washington— Trans World Airlines 
last week criticized American Airlines' 

and schedules os a “threat to the indus- 

Applving the family fare plan every 
day except Sunday, while increasing the 
discount from the present 334% to 
50%, will increase TWA's annual opera- 
tional costs about S3 million, TWA 
said. Other trunk carriers competing 
against the plan will also be hurt, at a 

mentf the airline said. 


the Federal Aviation Agency permits 
Mohawk to operate the BAC 111 in a 
manner similar to the Convair 440. An 
example would be takeoffs from the 
halfway point on Idlewild runways, 
rather than waiting in line behind four- 
engine jets at the runway’s threshold. 

Peach added that another reason Mo- 
hawk needs jets is to maintain the 
“main line” image, which he feels is 
important for public acceptance of an 

"By 1965, in Mohawk’s opinion, if 
your image of Mohawk has not begun 
to reflect jet transports, you will not be 
'on the main line’ and you will ride a 
competitive jetliner if available,” he 
said. “Your civic resentment from feel- 
ing like a second-class citizen will be 
directed at Mohawk with resultant de- 
pressing effect upon its growth and 
earning ability." 

Financial Prospects 

Peach said Mohawk’s financial pros- 
pects appear good, particularly since 
forecasts arc based on existing routes 
and not upon “expansionistic dreams." 
Carrier’s new service to Toronto, sched- 
uled to begin Apr. 1, is expected to net 
an additional 5250,000 annually, he 
said. 

Mohawk's earned deficit, which to- 
taled S940.000 in 1960, has been re- 
duced to less than 5100,000, Peach said, 
largely through the government’s fixed 
mail rate formula which has been in 
effect for two years. Carrier currently 
lias 1,074,266 shares of stock outstand- 
ing, the amount having been increased 
by the conversion of S2i million in 
debentures, from a S3J million issue in 
1959, into common stock. 

Peach said that 51,800,000 of Mo- 
hawk’s currently outstanding long-term 
debt consists of convertible notes held 
by institutional lenders, who he expects 
will convert to equity' prior to delivery 
of the BAC Ills if the airline's earn- 
ing forecasts prove valid. 

"Cash throw-off of approximately S2.- 
550,000 is foreseen in 1963 from de- 
preciation and net earnings,” Peach 
said. "Mohawk's capitalization as of the 
end of 1962 consisted of 39% debt 
and 61% equity, treating convertibles 

He said a combination debt-equity 
issue to be completed in 1964 is 
planned to finance the 514 million jet 

"Current plans call for an issue of 
approximately 56 million of equity or 
convertible securities and 56 million in 
long-term debt to be committed during 
1963 for a draw-down in late 1964 and 
early 1965 prior to jet deliveries,” 
Peach said. “Only one substantial prog- 
ress payment, due in January, 1964, 
remains on the BAC Ills prior to de- 
livery, and this, forecasts indicate, will 
be covered by cash flow.” 
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Engineer Meeting Delays American Pact 


By James R. Ashlock 

New York— Uncertainty’ among flight 
engineers and continued opposition 
from the Air Line Pilots Assn, is delay- 
ing the signing of a new contract for 
American Airline’s flight deck crews 
(AW Feb. 25, p. 42). 

Sources involved in the contract nego- 
tiation had felt the pact might be ready 
for signing by the middle of last week. 
However, representatives for American's 
600 flight engineers convened in an 
emergency’ meeting at Los Angeles to 
re-evaluate their position under the pro- 
posed contract, thus delaying signing. 

Letters were being circulated by 
ALPA denouncing the proposed con- 
tract as inconsistent with standards 
adopted by the union for three-man 
crews. In the interest of safety. ALPA 
maintains, the present four-man crew 
can be reduced only if the remaining 
three men are all pilot-qualified. 

American contract proposes that 
flight engineers, rather than be trained 
as pilots, be thoroughly familiarized 
with radio and navigation procedures so 
they can assist the two pilots with these 
tasks. Such training would cost the air- 
line about 53.5 million, as opposed to 
510 million to attain the standards 
maintained by ALPA. which insists that 
flight engineers be qualified with com- 
mercial pilot and instrument ratings. 
Flight-Time Reduction 

In addition to other benefits, Ameri- 
can’s crews would obtain a long-sought 
reduction in monthly jet flight time re- 
quirements, cutting 10 hr. off the pres- 
ent S5-hr. scale. 

Officials within ALPA complain that 
American’s pilots arc sacrificing the 
union’s principles in exchange for the 
reduction in flight time. They say that 
the pilots of other carriers heid true to 
the three-man crew requirements, drawn 
up by ALPA's Turbo Prop and Jet 
Study Committee, when negotiating 
new contracts with their companies. 
American’s pilots. ALPA spokesmen 
say, are threatening the welfare of all 
other pilots and pilot-engineers in their 
ignoring union standards. 

Most of the letters circulated by 
ALPA last week were written by mem- 
bers of the Turbo Prop and Jet Study 
Committee. They were in answer to a 
letter written by John Carroll, a TWA 
captain, onetime ALPA vice president 
and former member of the study com- 
mittee, who sympathizes with the Amer- 

Carroll said that ALPA's concept, 
embraced by TWA pilots and flight 
engineers in their new contract, was 
not working out in actual practice. He 


said the pilot-engineers were having 
difficulty with the added workload of 
assisting the pilots while monitoring the 
aircraft s pcrfonnancc. He said also that 
while the engineers had pilot ratings, 
they were prohibited from flying the 
jets, thus making a “farce” of ALPA’s 
standards. 

R. G. Derickson, chairman of the 
TWA master executive council of 
ALPA, took exception to Carroll’s 
views in a letter to Charles H. Ruby. 
ALPA president. 

"We have an eloquent and some- 
times vociferous minority on TWA, 
both in the pilot and flight engineer 
ranks, who have attacked the crew com- 
plement settlements,” Derickson said. 

"The majority of the TWA pilots 
and flight engineers, however, have ac- 
cepted our settlement as a fair and 
equitable solution to a very serious 
practical problem." he added. 

Derickson said that 70 TWA flight 
engineers are now pilot-trained, and 
158 others are undergoing training. He 
acknowledged that some difficulties in 
adapting them to three-man crews had 
arisen, resulting from inadequate de- 
lineation of cockpit duties and lack of 
operating experience in the new role. 

Because the pilot-engineer's degree 
of success in his new role depends on 
the amount of aid given him bv the 
two pilots. Derickson said, all TWA 
pilots have been asked to give the third 
man as much opportunity as possible 
to gain experience in navigation, com- 
munication and related flight deck 
duties. 

J. E. Wood, an Eastern Air Lines 
captain, expressed satisfaction with the 
pilot-trained engineers now flying on 
that airline. 

"They have been trained in logging 
clearances, radio work and chart read- 
ing." Wood said, "and the several I 
have had with me have been eminently 
satisfactory. 

"While they are not changing scats 
[with the copilot] as yet. there is no 
reason why this should not eventually 
materialize, he added. 

Wood said the American pilots' at- 
titude was only another in a chain of 
inconsistencies which have hampered 
creation of any universal policy on the 
crew issue. He cited Eastern’s original 
four-man contract, in which the third 
pilot received a pay scale higher than 
the flight engineer. Wood claims that 
American pilots then signed an agree- 
ment in which the third pilot took pay 
below that of the flight engineer. 

"This action nullified for airlines, 
other than Eastern, the progress made 
in the Eastern settlement,” Wood 
charged. “It is my feeling that the de- 


gree of success in implementation of 
this policy is in direct proportion to the 
determination of the pilot group in- 

Tom Latta, an American pilot who 
does not agree with his counterparts 
of that carrier, says the reduction in 
flight time has developed into a 
“phobia" that is the focal point of the 
current controversy. 

“Recent events show more clearly 
than words or pictures that the Ameri- 
can Airlines negotiation committee is 
willing to sell every other pilot in ALPA 
down the river in order to achieve this 
reduction," Latta said. 

"American Airlines has developed 
into a maverick group in ALPA because 
of this type of leadership.” he added. 
“The average member on American is 
spoon-fed a hate for ALPA until he has 
become completely frustrated concern- 
ing what he can expect from the union.” 

Other letters supporting the ALPA 
position were signed by Joseph Sedcy 
and Robert H. Ross of Western Air 
Lines, R. J. Rohan of National Airlines, 
and Richard O’Neill, a Northwest cap- 
tain and first vice president of ALPA. 
Ultimate Aim 

Ruby feels that American’s pilots 
perhaps do not understand the long- 
range goals of the union’s threc-man 
crew standards. He said the ultimate 
aim is a “redundancy of qualifications" 
in the cockpit, with ready interchange- 
ability between the copilot and pilot- 
engineer, and even copilots with the 
same aircraft qualifications as captains. 

"We’re the first to admit that this 
will take years to attain," Ruby said. 
“But once we have it, we’ll have a Uto- 
pian concept for maximum safety 
through cockpit crew qualifications." 

He said the danger in American’s 
more is that it upsets the progress of 
ALPA’s planning, of which pilot train- 
ing for flight engineers was the first step. 

“I tried to convince American's pilots 
to approve the engineer flight training 
now. then work later for the reduction 
in flight time,” Ruby said. “It could 
have been done in a wav as to not cost 
the company any more money, and 
ALPA’s standards would have been 
maintained.” 

Ruby said there had been no threat 
to expel American’s 1,850 pilots from 
ALPA should thev stick to their con- 
tract. But he did sav that ALPA could 
not ratify- the agreement if the pilots 
sign it. 

“Some American pilots are talking 
about quitting the union." Ruby said, 
"but we arc asking them to step back 
and think about it before making such 
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Who told the pilot his IFF transponder, UH F transceiver, 
ILS display and TACAN systems are operational? 



She wouldn’t know a transistor from a can-opener. But 
pilots find her voice irresistible— and pay attention. 

Just before takeoff the pilot punched a button on his uhf 
radio. A mile from the flight line a two-channel tape pro- 
grammer went instantly into operation. One channel began 
an automatic electronic checkout of his communication, 
identification and navigation (cin) subsystems. Simulta- 
neously the other channel began to broadcast monitoring 
instructions to him in a small, calm, very feminine voice. 


Complete checkout was accomplished in just two minutes. 
We call this tester radfac, for RADiating test FACility. It is 
automatic, self-checking, self-contained, self-powered, air- 
transportable and absolutely foolproof. 

Although Republic originally built radfac for F-105 
fighter-bomber testing, units are now operating with a vari- 
ety of usaf aircraft in Europe and the Pacific. 

Nothing can guarantee the success of an air mission. But 
radfac guarantees that no cin failure will cause it to abort. 
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Emerging Nations’ Short-Haul Needs Cited 


By Cecil Brownlow 

Geneva— Requirement is growing for 
a new approach to design of economical 
short-haul aircraft which will accom- 
modate critical transportation and com- 
munications needs of the world’s emerg- 
ing underdeveloped nations. 

These countries comprise a poten- 
tially lucrative market for aircraft manu- 
facturers. since air transport often repre- 
sents the least expensive solution to 
their requirements. 

DC-3 replacements presently on the 
market do not satisfactorily meet all 
the needs of underdeveloped nations, 
according to reports delivered here 
recently at the 17-day United Nations 
Conference on the Application of Sci- 
ence and Technology for the Benefit of 
Less Developed Areas. 

J. J. Furniss, director of civil avia- 
tion for the East African Common Serv- 
ices Organization, told the conference 
that the lesser-developed nations “have 
a real need for a short-haul aircraft, but 
it must be of a type that requires no 
more in the way of ground facilities 
than the DC-3, and it should prefer- 
ably require even less.” 

As an example of the ground support 
that can be expected in these areas, 


Furniss said, East African Airways 
has conducted an accident-free opera- 
tion for the past 13 years, primarily 
with DC-3s, (lying into approximately 
20 airports "at which no facilities other 
than fire and crash sendees have been 
provided." 

lie listed these objections to DC-3 
replacements now on the market: 

• "First, there is none that has a seating 
capacity within 30% of what I have sug- 
gested is. if not the ideal, then per- 
haps the best possible compromise. 
There arc 1 5-scaters and 43-seaters, but 
nothing whatever that looks remotely 
like a 23-seater. . . . Undoubtedly, there 
are many other reasons for the popu- 
larity of the DC-3, but I believe that 

high proportion of the less-developed 
territories. 

• “Second, the aircraft which arc gen- 
erally regarded and advertised as DC-3 
replacements all have speeds which arc 
at least 73% greater than that of the 
DC-3, and all cost over 200,000 pounds. 
(5560,000) with spares. On paper, their 
operating costs per seat mile may be 
lower than the DC-3, but. unless a 
reasonable load factor is achieved, costs 
are far higher on a large aircraft than 


• “Third, and it is here that I think 
the greatest margin for error exists, air- 
craft being offered as replacements for 
the DC-3 arc considerably more com- 
plex and sophisticated than the latter. 
Their operating characteristics call for 
optimum flight levels of about 15,000 
ft., and, for regular operation at these 
levels, it is essential that adequate 
ground facilities are provided both en 
route and at all staging aerodromes. 

“Moreover, although the manufac- 
turers will be reluctant to admit this, 
they will, in many cases, require longer 
and better surfaced aerodromes than 
those required for DC-3 operations, and 

Furniss said. “The biggest costs, how- 
ever. lie in the requirements for staff 
and equipment for ground services, and 
. . for East Africa, it may be assumed 
that these will not be much less than 
5.000 pounds [SI 4,000] per aerodrome 
per annum for fairly minimal facilities.” 
Furniss stressed that while on paper 

nomical than the DC-3, a large, fast 
plane "operating less than half full is 
always more costly than a small, slow 
one operating at the same load factor,” 
Speed, he said, also is relatively un- 
important on the short-haul flights 
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AUTOMATIC 

LEADERSHIP! 


SMITHS AHEAD BY 10,000 TOUCH-DOWNS 


However far theory may take you, it is only in the air that 
new flight systems can be proved. This underlines the tre- 
mendous leadership that smiths have built up over recent 
years in Flight Control Systems. Smiths Automatic 
Landing System has gone far beyond the design and 
development stage. Smiths have proved its practicability by 
more than 10,000 fully automatic landings performed 
under all types of weather conditions. Often landings were 
made in zero visibility when nothing else could fly. 


Is the Pilot in Command? Of course he is. 
The Pilot remains master of the equipment at his disposal. 
He decides whether or not to use automatic landing 
facilities. The Pilot is still in command but automatic 
landing equipment adds to his skill and experience the 
means of achieving finer control of high performance 
aircraft. Using Smiths Automatic Landing System he can 
maintain the highest standards of safety, even in zero 
weather conditions. 


The system is in use or scheduled for use in 10 different types of aircraft TRIDENT • VULCAN • CANBERRA 

VARSITY • ARGOSY • BELFAST • CARAVELLE ■ TRANSALL C1SO • D.C.7 • COMET 


SMITHS AVIATION DIVISION 

The Aviation Division of S. Smith & Sons (England) Ltd 


727 APU Systems 

New York— Three airlines have placed 
orders with the Garrett Corp.'s AiRe- 
scarch Div. (or auxiliary power units on 


United Air Lines, Eastern Air Lines 
and Trans World Airlines, which to- 
gether have ordered 90 of the aircraft, 
have purchased the Garrett-AiRcsearch 

which supplies compressed air for main 


ing on the ground. The auxiliary (rower 
makes the 727 independent of the need 


Garrett says it has firm commit- 
ments for 151 auxiliary power units, with 
orders from Ansett-ANA., Braniff, Brit- 
ish United, Mohawk. Bonanza, Kuwait, 
Central African. Hawaiian and Finnair. 
BAC 111 and Caravcllc models XA and 
XB arc being offered with Garrett 
APUs. Braniff is installing them on nine 
F.lectras. 


composing the majority of internal 
services now offered or planned in most 
underdeveloped nations. On longer 
flights, he conceded, speed becomes a 
factor, "but on routes up to, say, 400 
mi., the time saved can surely not be 
regarded as of paramount importance.” 
Kumiss told the conference that in 
his opinion, the aircraft currently of- 
fered as DC-3 replacements are “too 
big, too fast and too expensive to pro- 
vide an economical answer to our prob- 
lems. Unfortunately, however, the next 
range of aircraft being offered (and I 
would again mention the range is ex- 
tremely narrow) is in the 12- to 15- 
seatcr category, and while this may be 
very suitable for certain routes, it is un- 
likely to appeal to many airlines as a 
standard vehicle for internal routes un- 
less traffic potential is very low through- 
out the whole of the territory con- 

Philiip R. Carlson of Lockheed Air- 
craft Corp., discussing various designs 
for a primarily cargo aircraft for use in 
the underdeveloped areas, said a payload 
of at least 10 tons is required to support 
crew and maintenance costs. He pro- 
posed the following characteristics for 
an aircraft designed to operate over 
short-haul routes within these areas: 

• Design range— 450 mi. 

• Cruise speed-160 kt. at 10,000 ft. 

• Payload-30,000 lb. 

• Powerplants— Two turboprop engines 
of 2,500 hp. each. 

• Landing field requirements— 4,000 ft. 

• Takeoff gross weight— 60,000 lb. 

• Wing loading— 40 lb./sq. ft. 

• Aspect ratio-8. 

Total direct plus indirect cost for 
such an aircraft operating at 75% load 


factor, Carlson said, should be eight 
cents per ton mile with a 30-mi. addi- 
tional distance charged for each takeoff 
and landing. 

A major consideration for the under- 
developed areas, where surface Com- 
munications facilities often are sparse 
or non-existent, is the cost involved in 
building an adequate transport network. 
The aircraft often provides a cheaper 
and more practical solution than surface 
transport, according to Carlson. 

A good two-lane highway for truck 
use will cost from 5100,000 to $400,- 
000. he said, depending upon the ter- 
rain and the number and size of the 
necessary bridges. A dirt road “will cost 
considerably less to build, but truck 
operation on a dirt road costs approxi- 
mately double [the] operation on a 
highway because of the increased fuel 
and maintenance and reduced speed.” 

These facts, he said, bring the operat- 
ing cost of trunk transportation “to the 
figure of a new fixed-wing aircraft, and, 
when the extra road distance over air- 
line distance is considered, the truck 
becomes inferior to air at all but the 
least distances." 

Commenting on railroads, Carlson 
indicated that distances of at least 1,000 
mi. are required before they can be- 
come “considerably less expensive” 
than truck transport. 

Generally, Carlson said, air transport 
is the superior mode when: 

• Total tonnage required is low. 

• Projected total tonnage is “highly un- 

• Available capital is insufficient to 
build a highway or railroad. 

• Development must be initiated in a 
relatively short time. In general, Carlson 
said, airports can be built in much less 
time than a highway or railroad. 

• Road distances are more than twice 
airline distances regardless of the pro- 
jected tonnage. 

• Time saving justifies higher direct 
transport costs. 

David Rendel, head of the Royal 
Aircraft Establishment’s Mechanical 
Engineering Dept., believes that a dif- 
ferent type aircraft will be required for 
the various underdeveloped and/or 
underpopulated regions of the world be- 
cause of the varying operational re- 
quirements and environments (see chart 
p. 39). 

From this viewpoint, Rendel con- 
cedes, the economic factor becomes cru- 
cial, since numbers of aircraft required 
by any particular area are likely to be 
small and utilization rates low. 

“This means," he added, “that the 
development and production of aircraft 
specially tailored to a particular area is 
going to be expensive— more expensive 
than if aircraft were used which had 
been produced in fairly large numbers 
already. It can, in fact, be argued that 
in these areas it will not be possible to 


afford to use anything other than either 
old, depreciated aircraft or types already 
in wider use. To me this seems a vicious 

“The economics of aircraft cannot be 
based entirely on capital cost and 
revenue returns. The part they play in 
encouraging industry, in providing ac- 
cess to remote areas and in improving 
communications must be taken into ac- 
count in making economic plans [by 
the governments concerned], and I 
would have thought that in many cases 
it was worth providing money to de- 
velop special-type aircraft for particular 
areas," Rendel said. 

Use of aircraft as an instrument in 
developing a cohesive political force in 
areas where surface transport is lacking 
was emphasized by Mohamed El Amir 
El Amin, sales superintendent of Sudan 

Prior to the introduction of aircraft 
into the Sudan, he said, the dearth of 
transportation "led to the isolation of 
the various parts of the country and 
helped the rise of tribal governments 
and continuous tribal conflict. . .” 

Air transport’s contribution to the 
Sudan’s social and cultural structure 
during the past 15 years, he noted, “is 
not of less importance than that in the 
economic and medical fields." 

I AT A Charter Rules 
Extension Is Expected 

Washington— Civil Aeronautics Board 
is expected to approve with only minor 
changes a two-year extension of Inter- 
national Air Transport Assn, charter 
regulations. 

The regulations were adopted last 
year as a resolution by the 1ATA traf- 
fic conference, and require Board ap- 
proval before they can be enforced. 
CAB has indicated that it will approve 
the regulations this week, with two 

The first is intended to afford the 
airline maximum time in which to con- 
sider the legal eligibility of the charter- 
ing organization. CAB wants the car- 
rier to acquire information on this sub- 
ject by questionnaire as far in advance 
as possible. Under past regulations, 
charter applicants were sometimes re- 
jected on the eve of their departure be- 
cause the data had not been obtained 

Secondly, the Board would reject pro- 
vision which prohibits 1ATA member 
airlines from operating charters for char- 
terers previously ruled ineligible by an- 
other carrier, for a period of 120 days 
after the rejection. Contending that this 
proviso interferes with public charter 
rights. CAB said that a better method 
of curbing such abuses would be direct 
reports from IATA members to the 
TATA enforcement officer. 
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Our publication "Technical 
Information for the Engineer” 
Number 1 was written and 
published for two major 
reasons. First, as the 
nation's leading innovator and 
producer of precision 
components, we wanted to 
sell more of them and 
secondly, some time ago we 
recognized that although 
textbooks on servomech- 
anisms were very complete, 
the field suffered through 
a lack of uniform terminology 
and tests methods. 

We attempted to cover the 
theory lightly in our book 
with major emphasis on terms, 
applications and component 
behavior from the user's 
point of view. You may obtain 
a copy of this 60 page 
booklet simply by writing to us. 



ComPac 8 SERVO ASSEM- 
BLIES. Kearfott's advanced Size 
8 component designs have 
made possible the most com- 
plete variety of in-line servo as- 
semblies available.The ComPac 
8 units, %" in diameter, provide 
high performance "closed end" 
devices incorporating a wide 
range of driving and driven ele- 
ments coupled through preci- 
sion single or dual speed gear 
reducers. 

System designs based on the 
ComPac configurations benefit 
from high packaging density, 
and elimination of provisions 
for the multiple mounting of 
independent elements and gear- 
trains. A typical ComPac con- 
sisting of a servomotor - gear 
reducer resolver and potenti- 
ometer combination measures 
only 3 inches long and weighs 
3 ounces. 

Size 8 components available 
for ComPac assemblies: 

□ Motors - Servo, Stepper, 
Braked, Inertial and Viscous 
Damped. 

□ Motor Generators and Tach- 
ometers. 

□ Synchros and Resolvers — 
Transmitters, Transformers, 
Differential Transmitters, 
Resolvers, Linear Synchros, 
4 wire Synchros. 



SIZE 8 COMPENSATED RE- 
SOLVERS. Winding compen- 
sated Size 8 and 11 resolvers 
and matching Size 11 buffer 
amplifierare also available from 
Kearfott for high precision com- 
puting resolver chains.Trimmed 
for unity transformation ratio, 
the resolver-amplifier combina- 
tions provide TR of 1.0000 
± 0.0017 over the temperature 
range of -55 to + 125°C, fre- 
quency variation of 400 ±20 
cps and voltage variations from 
0.5 to 20 volts or simultaneous 
combinations of these varia- 
tions. When used with size 8 
resolvers, the servo mounted 
size 11 buffer can be installed 
adjacent to the resolver. A 
“Piggy-Back" tandem assembly 
of the Size 11 resolver and buf- 
fer amplifier is available as well 
as separate Size 1 1 resolver and 
servomounted Size 11 buffer. 
Additional characteristics of 
the combined buffer-amplifier 
assemblies are as follows: 



COMPONENTS 



4 WIRE SYNCHROS. High sys- 
tem accuracy using Size 8 com- 
ponents is made possible 
through Kearfott's 4 wire syn- 
chros. Wound as resolvers, but 
with appropriate electrical 
characteristics to permit their 
use as transmitters, differen- 
tials or control transformers, 
these components can be di- 
rectly applied in feedback loops 
without the use of special buf- 
fer amplifiers. Features indi- 
vidual component accuracy of 
3 minutes of arc from electrical 
zero, when these components 
are used in a typical 3 compo- 
nent string, overall accuracy will 
be approximately 5.2 minutes 
of arc from EZ. Designated RX, 
RDX and RC corresponding to 
transmitter, differential and con- 
trol transformer respectively, 
the application of these compo- 
nents to your analog computa- 
tion devices will contribute to 
increased accuracy, while re- 
ducing volume and weight. 
Units for high vibration (2000 
cps 20 g’s) and high tempera- 
ture (200°C) environments can 
be provided on special order. 



STEPPER MOTORS. Size 8 
stepper motors provide non- 
ambiguous shaft position cor- 
responding to a sequentially 
pulsed digital input. Positive 
positioning of shaft through a 
magnetic detent rather than 
mechanical devices contributes 
to the reliability and perform- 
ance of these motors by elimi- 
nating shock loading and me- 
chanical wear. Accurate and 
positive shaft position makes 
this unit ideal for application 
in counting, positioning and 
switching mechanisms and in 
applications involving the use 
of two motors in a self-syn- 
chronizing manner. The latter 
application permits a form of 
closed loop servo operational 
from a digital input. 

Typical characteristics include: 
400 pulses/sec response rate; 
0.80 in. oz. holding torque; 0.30 
gm cm 3 rotor moment of inertia; 
28V excitation, other values 
available. Overall dimensions; 

diam x 0.875" long; weight 
1.5 oz. 

Compatible welded electronic 
switching assemblies can be 
provided for driving these step- 
per motors. Other motors in 
various frame sizes are also 
available. 



AND ELECTRONICS. Compli- 
menting Kearfott's wide range 
of wound components, a com- 
plete family of high density, 
transistorized servo and buffer 
amplifiers, pre-amplifiers and 
power supplies can be provided 
featuring welded or soldered 
construction. Servo amplifier 
voltage gain is variable through 
the use of external resistors. 
Phase shift networks matched 
to some of our servo motors 
have been included in the am- 
plifier assembly. One represen- 
tative amplifier, C70 3146 001 
is an all-welded unit occupying 
one cubic inch, provides a 5 
watt output.. This amplifier is 
suitable for driving any size 5, 
10 or 1 1 motor manufactured by 
Kearfott. Also available: Single 
and dual channel buffer ampli- 
fiers matched to larger diameter 
compensated resolvers; pre- 
amplifiers and quadrature re- 
jection circuits for use in high 
performance tachometer inte- 
grating loops. 
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FACTORY QUALITY 


M IN MUM COST 


FAST SERVICE 




QUALITY 

All parts to support our many product 
lines are made by Garrett-AiResearch 
under the same high quality control con- 
ditions as in the original manufacture. 
Highly skilled personnel are specially 
selected and trained in Garrett-AiResearch 
products. 

Finest factory and test facilities available 
at each of our manufacturing centers — 
FAA approved. 

90-day warranty after first use, or 180-day 
warranty after delivery. 

Analytical engineering programs gener- 
ate product improvements to extend lime 
between overhaul and reduce operating 

Experience — a quarter century in estab- 
lished product lines. 


COST 

• Lower cost because of established factory 
controls, high volume, and intimate tech- 
nical knowledge of our own products. 

• Established price lists that enable you to 

SERVICE 

• Unit exchange programs for gas turbines 
and other Garrett-AiResearch equipment 

• 100 field service engineers on immediate 
call throughout the world. 

• Backed up by total support program 
(spares inventory, technical publications, 
training programs, etc.) 

Please direct your inquiries to Support 

Services at any of the divisions listed 


AIRESEARCH MANUFACTURING DIVISION • Los Angeles 9, California 
AIRESEARCH MANUFACTURING DIVISION OF ARIZONA • Phoenix 34. Arizona 
GARRETT MANUFACTURING LIMITED • Toronto. Ontario. Canada 


Lufthansa Is Seeking Short-Range Jets 


By Edith Walford 

Cologne— Lufthansa West German 
Airlines plans to complete its equip- 
ment modernization soon with the 
order of short-range jet transports ca- 
pable of carrying at least 60 passengers, 
according to Hans M. Bongcrs, member 
of Lufthansa's board of directors and 
financial director. 

Aircraft will be used as replacements 
for the airline's fleet of nine Convair 
440s and 1 1 Vickers Viscount 814s now 
used over most of the carrier’s domestic 

Additional orders may be placed later 
for several smaller, short-range trans- 
ports in the 30-passcnger category, 
Bongcrs said, but this will depend upon 
the yet undetermined technical and 
economic aspects of such aircraft. 

Explaining the company’s equip- 
ment policy in more detail, Lufthansa 
technical director Gerhard Holtje says 
the older Convair 440s gradually will 
be retired from service toward the end 
of 1964 and the beginning of 1965, 
the Viscounts during the same period 
in 1966-67. Under this timetable, the 
question of a suitable replacement 
would become acute by the end of 
1964, particularly since it is planned to 
complete the change-over to all-jet serv- 
ices on the carrier’s entire route net- 
work by the beginning of 1970. 

Both British Aircraft Corp.'s 69-pas- 
senger BAC 111 twin turbofan trans- 
port and Douglas Aircraft Co.'s pro- 
jected 2086 (AW Feb. 25, p. 49), de- 
signed to accommodate between 56 and 
74 passengers over stage lengths of from 
100 to 1,000 mi., are under considcra- 

Ernst Hcinkel 24-passenger twin-jet 
He 211 B-l design is currently favored 
among the smaller aircraft required to 
fill Lufthansa's later need for its 
planned city-to-citv service expansion. 
Holtje emphasized, however, that al- 
though Lufthansa hopes to place the 
order with a German manufacturer, its 
ultimate choice will be governed largely 
by the type in greatest demand on 
world markets at the time of its dcci- 

Lufthansa’s plan to introduce new 
nonstop domestic air shuttle services— 
the first in the projected series will 
come into operation between Frankfurt 
and Hamburg on a three times a day 
basis on Apr. 1 (AW Jan. 14, p. 49)— 
has met with stem opposition from 
the West German railroad authorities. 

Based on a payload of about 80% 
over the heavily traveled Frankfurt- 
Hamburg route, Lufthansa estimates 
that it can afford to reduce the round- 
trip ticket price by about 25% to $40, 


which is comparable to a first-class 
rail fare between Frankfurt and Ham- 
burg. By eliminating the normal full 
booking and cabin service, which the 
airline says accounts for approximately 
30% of the total operational costs of 
the Lockheed L-1049G Super Constel- 
lations to be used on these flights, the 
cut-price fare could still yield a small 

However, recent talks between the 
top management of Lufthansa, which 
is 85% government-owned, and officials 
of the nationalized West German rail- 
roads, have resulted in the carrier agree- 
ing to an increase of $5 to S45 in the 
round-trip flight price. 

Lufthansa’s flight and ground oper- 
ations chief, Hans Sussenguth, says the 
airline is not unduly concerned over 
the objections raised by the railways 
against the airline's efforts to increase 
air travel within West Germany bv re- 
ducing fares. Lufthansa sees its chief 
domestic sales potential not among 
railroad passengers but among motor- 
ists because of crowded highways. 

Lufthansa officials deny recent pub- 
lished reports within Europe that it 
plans to cancel its existing cargo-space 
sharing agreement with Seaboard 
World Airlines and instead purchase 
its own Canadair CL-44 freighter air- 
craft for the North Atlantic route. 
However, to cater to a steadily growing 
demand in this phase of its operations, 
the carrier is currently negotiating for 
the right to use one of three CL-44s 
ordered by the German air force on a 
lease basis. 


Carrier officials also said that the 
main obstacle preventing final ratifica- 
tion of the long-delayed four-airline Air 
Union agreement was removed when 
the French government recently agreed 
in principle to the establishment of the 
organization. Lufthansa is hopeful that 
final details will be ironed out and the 
agreement signed some time this year. 

In the interim, Lufthansa says, it 
would save time if KLM Royal Dutch 
Airlines, which is interested in rejoin- 
ing Air Union, were to participate in 
any further preliminary discussions. 
This, a Lufthansa spokesman said, 
would have the added advantage of giv- 
ing KLM's new management the chance 

If the Dutch carrier decides to re- 
join. Lufthansa believes it should be 
allowed to do so without further delay 
because, it says, the success of Air 
Union depends largely on how soon 
and thoroughly it can achieve progres- 
sive integration within the participating 
airlines’ operations. 

Lufthansa member of the board and 
traffic and sales director Wolfgang A. 
Kittel describes the carrier’s allotted Air 
Union quota of 30% as adequate and 
fair. Nor have any complaints been 
lodged by either Air France or Sabcna 
Belgian World Airlines whose shares 
remain at 34% and 10% respectively, 
he said. Alitalia, on the other hand, 
because of its rapid growth in recent 
years, is reportedly dissatisfied with its 
quota of 26%, and it is possible that the 
question will be reviewed at the next 
Air Union assembly. 
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AIRLINE OBSERVER 

► U. S. failed in a bid to participate in a joint supersonic transport pro- 
gram with the British. A delegation of Federal Aviation Agency and 
National Aeronautics and Space Administration officials led by FAA Admin- 
istrator N. E. Italaby met with British aviation officials in London last 
month (AW Feb. 11. p. 3S) to discuss joint certification of supersonic 
transports. The main purpose of the meeting, however, was to propose 
the joint developmental program. Now it appears that the U. S. will be 
forced to continue alone on its supersonic transport project. Britain and 
France will proceed with their joint program despite Common Market 
and other differences. 

► President Kennedy's campaign to isolate Cuba has cut off nearly all 
service by air carriers of non-communist nations. U. S. has asked all 
countries with flag carriers serving Cuba not to restore air operations into 
Havana and airlines generally have abided by the request. Iberia Airlines 
of Spain is operating a token service of two' flights monthly, intended to 
accommodate Spaniards with interests in Cuba. KLM canceled two special 
flights late last month m compliance with the request. Only airlines now 
serving Cuba are Russia's Aeroflot. Czechoslovakia’s CSA and Cubana. 

► British Aircraft Corp. and Canadair arc discussing the possibility of the 
Canadian firm manufacturing the BAC 1 1 1 transport under license. Chief 
market is Trans-Canada Air Lines, which may order as many as 50 medium- 
range jet transports. Douglas Aircraft Co. is pushing its proposed 2086 
medium-range jet transport in this market. 

► Eastern Air Lines will face the problem of re-creating a favorable finan- 
cial public image if its proposed merger with American Airlines is denied. 
In trying to furnish the Civil Aeronautics Board with the required proof 
of the need for the merger, Eastern has emphasized its dire financial status 
(AW Feb. 25. p. 43). If the merger is approved, there will be no long- 
range effects from this approach. But if it is denied, the airline will have 
a major repair job on its hands. 

► Reports of daily utilization of jet aircraft during 1962 show that Con- 
tinental Air Lines is still the loader. Continental reported 11 hr. 16 min. 
for the vear with its Boeing 707 and 10 hr. 11 min. with its Boeing 720 
transports. Others high on the list were Pan American. 9 hr. 13 min. with 
the 707: United, 9 hr. 6 min. with its Douglas DC-8; Northwest. 9 hr. 29 
min. with the DC-S and Trans-Caribbean, 9 hr. 23 min. with the DC-8. 

► Formal or informal requests for new routes to the U. S. were received 
from Argentina, Austria. Iran, United Arab Republic, Colombia, Panama 
and Indonesia during Fiscal 1962, according to the CAB’s annual report. 

► Flight recorder taken from the Northwest Airlines Boeing 720B which 
crashed near Miami on Feb. 12 disclosed that total flight time from takeoff 
to accident was approximately 13 min. The aircraft reached an altitude 
of 19,000 ft. Maximum acceleration was over three negative gs, reached 
during the last 40 sec. of flight. After reaching maximum altitude, the 
aircraft descended at a high rate reaching a maximum speed of about 480 
kt., at which time it was headed in a northwesterly direction. Analysis 
of the flight-recorded data has not been completed, according to the CAB. 

► Some travel agents are forecasting mediocre transatlantic passenger busi- 
ness for the balance of 1963 on the basis of a low level of advance bookings 
made so far this year compared to last year. They do not feel that European 
travel generally will fall off, but that group fares arc draining business away 
from them. Organizations, they feel, arc going direct to the airlines to take 
advantage of the low group fares, bypassing the travel agent who, up to now, 
handled the bulk of European ticket sales. 

► Short Bros. & Harland Skyvan cargo-passenger transport program has been 
set back by three in-flight engine fires, one of which involved shutdown of 
one engine, causing a single-engine landing. The British firm says the prob- 
lem is not with the Continental piston engines, but with engine pod installa- 
tion. Engine oil cooler system will be relocated as a result. 


SHORTLINES 


► Aeroflot has placed its twin-turbofan 
Tu-124 medium-range transports on the 
Moscow-Volgograd (Stalingrad) route. 
The Tu-1 24s make the run in 1 hr. 15 
min., compared with more than 3 hr. 
for the piston-powered Il-14s they re- 
placed. Aeroflot has also inaugurated 
non-stop 11-18 turboprop flights be- 
tween Moscow and Chelyabinsk, simul- 
taneously cutting fares from S36.63 to 
S3 1 .08 — less than 3.4 cents a mile for 
the 930-mi. trip. 

► Allegheny Airlines has increased the 
number of its daily flights to and from 
Philadelphia to 49. a new record for 

► Civil Aeronautics Board has granted 
Continental Air Lines an eight-month 
extension of its three-class passenger 
tariff. Fares were first introduced on 
Aug. 24. 

► Northwest Airlines has increased its 
dividend from 20 cents per share of 
common stock to 25 cents. 

► Pan Am building, adjacent to the 
Grand Central Terminal in New York, 
will be formally opened this week. Pan 
American World Airways will be the 
major tenant in the building, which is 
being billed as the world's largest com- 
mercial office structure. 

► Scheduled airline service into Shan- 
non, Ireland, is expected to increase this 
year as a result of growing popularity of 
Ireland as a tourist area. On Apr. 1, 
Sabena Belgian World Airlines will re- 
sume the service to Shannon it dropped 
last year. 

► Southern Airways has reported a net 
profit of 5316,000 for 1962, a 55% in- 
crease over 1961 's profit. Operating 
revenues increased 30% to SI 3.9 mil- 
lion and operating expenses rose 29% 
to SI 3 million. 

► Trans World Airlines has estimated 
that it must be in a position to add su- 
personic transport aircraft to its fleet 
by 1970 or suffer losses to its foreign 
competitors. In making the statement, 
Ernest R. Breech, TWA board chair- 
man, said that production models from 
the joint British-French supersonic 
transport project will be readv for gen- 
eral use in 1970. 

► Unfavorable flying conditions caused a 
1.4% drop in Allegheny Airlines' sched- 
uled miles completed in January. De- 
spite this, the carrier showed a 7% in- 
crease in the number of passengers 
carried during the month. 
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1963 SAAB . . . built so well that it has a 24,000-mile/24-month written warranty* 



engineering . . . 


Aircraft reliability and performance stand- 
ards are blended with an entirely new 
approach to over-all automotive design in 
the Swedish SAAB 96. This car was built to 
be better, not different . . . built by one of 
Europe’s leading aircraft manufacturers . . . 


built for those who enjoy mechanical excel- 
lence, technical uniqueness, and extraordinary 
craftsmanship. 

A critical look at all the facts and specifica- 
tions will prove that SAAB is unquestion- 
ably one of the world’s best engineered care. 



SAAB MOTORS, INC.-NEW YORK 


NEW HAVEN • JACKSONVILLE 


ST. LOUIS 
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ARTIST'S CONCEPTION of Helios in orbit shows deployed configuration of the solar panels. Cruciform projection on the front of the 
experiment compartment thermal shield is for the sun trackers, while other orifices admit sunlight to the experiments. 


Helios to Relay More Accurate Solar Data 


Philadelphia— Second-generation Orbiting Solar Observatory (OSO)— known 
as the Advanced Orbiting Solar Observatory, or Helios— will be designed 
to have a pointing accuracy of 5 sec. of arc and 10 c /' over-all system reliability, 
according to A. J. Cervenka, AOSO project manager at the National Aero- 
nautics and Space Administration’s Goddard Space Flight Center. 


Cervenka outlined Goddard's in- 
house design study of the spacecraft 
to a technical meeting, here recently. 

AOSO Project Scientist Dr. John C. 
Lindsay, shared the platform with Cer- 
venka, and presented some of the re- 
sults obtained to date from the first 
Orbiting Solar Observatory (OSO-1). 

During the first three months of 
operation following its launch last Mar. 
7, OSO-1 telemetered back to earth 
more than three times as much data in 
the 1-10 Angstrom X-rav region of the 
solar spectrum and more than 4.000 
times the quantity of information in 
the region between 50 and 400 Ang- 
stroms than had been obtained previ- 
ously by ground-based observatories. 

However, Lindsay stressed that 
OSO-1 was by no means the ultimate 
answer. “Although OSO-1 was an im- 
portant step along the way,” he said, "it 
would be untrue to assume that it rep- 
resents the fulfillment of the solar 
astronomer’s dream, for OSO-1 was 


limited in its capability.” 

These limitations are a pointing ac- 
curacy of only one minute of arc in 
pitch and yaw, restricted experiment 
weight and volume— 70 lb. and 1.4 cu. 
ft.— and an orbit permitting observation 
for only 605?’ of the time. 

To overcome these restrictions, Helios 
will be larger and more sophisticated 
than its predecessor. 

Launch of Helios is scheduled for 
1966, and thus the problem lies in esti- 
mating the needs of the solar physicist 
in the decade following that date. 

Lindsay listed these phenomena 
which might be studied by Helios: 

• Energy storage phenomena in the pre- 
flare active regions of the sun. This al- 
ready has been the subject of intensive 
ground-based investigation. The local 
high-intensity magnetic fields accom- 
panying centers of activity appear to be 
the most promising source of flare 
energy. 


One of the difficulties involved is 
that, due to atmospheric turbulence, 
usually only one ground-based solar 
magnetogram can be made per day from 
any one observatory. Also, racket spcc- 
trohcliograms of the Lyman Alpha line 
of hydrogen have indicated a possible 
strong correlation between vacuum ul- 
traviolet intensity and the magnetic 
fields. 

Helios could obtain superior spcc- 
troheliograms in the UV and X-ray 
spectra with adequate frequency and 
resolution to follow the life cycles of 
centers of activity. 

• Energy release mechanism of solar 
flares. F.xplanations of this phenomenon 
have been proposed in a number of 
theories. They include charge density 
build-up followed by an electrical dis- 
charge. local changes in conductivity, 
magnetic pinch effects, and the rate of 
change of the magnetic flux. Present 
theory holds that the magnetic lines of 
force are "frozen” into the chromo- 
spheric-coronal plasma, and hence the 
matter collapses along with the field, ac- 
companied by UV and X-ray emission. 

• Ultra-violet and X-radiation. These 
could be studied as the manifestations 
of solar energy release. For example, 
X-ray observations should shed new 
light on the problem of unambiguous 
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classification of flare types and sizes. 
In addition, it would be possible to 
study the areas of the sun’s atmosphere 
and surface which give rise to these 
radiations with the greater resolution 
and pointing accuracy of Helios. 

• Particle energy transport between the 
sun and earth. This is another area of 
uncertainty in solar physics. While it 
is likely that particles emanate from all 
flares, post-flare observations do not al- 
ways detect the presence of these par- 
ticles impinging on the earth. One 
possible explanation for this phenom- 
enon lies in the theory that the particles 
are guided through space by magnetic 
tubes, or solar streamers, the direction 
of which determines if they are to en- 
velop the earth. Spacecraft-based optical 
measurements, which would consist of 
observing scattered light from the par- 
ticles associated with the solar magnetic 
fields, might possibly detect these solar 
streamers. 

NASA let design study contracts, 
valued at SI 00.000 each, to Ball Bros. 
Research Corp., OSO-1 prime contrac- 
tor. Space Technology Laboratories 
(STL), and Republic Aviation Corp., 
Cervenka said. 


These studies have been submitted 
and are now under evaluation at God- 
dard. Contract is expected to be award- 
ed before the end of Fiscal 1965 in 
June. 

To complement the industrial studies, 
Goddard conducted an in-house design 
studs' which was completed last No- 

Cervcnka said that the design ob- 
jectives are the following: 

• Orbit permitting the satellite to be in 
sunlight a maximum amount of time 
during its life. 

• Pointing accuracy of 5 sec. of arc 
within a 40-arc min. square centered on 
the sun. This is the angle that would 
be subtended bv a golf ball at a distance 
of approximately one mile. Pointing ac- 
curacy is one minute of arc anywhere 
else within a solar-centered 10-deg. 
square. 

• “Jitter” limit of ± 1 sec. of arc. thus 
allowing the resolution of the experi- 
ments to approach this value. Jitter is 
the constant correction of the direction 
of point. Jitter rate is limited to 0.5 sec. 

• Predicted reliability of 70’S during 


• Experiment weight and space of 250 
lb. and 47.5 cu. ft., respectively. Dimen- 
sions of the experimental package are 
37 in. by 37 in. by 60 in. 

Selection of a circular orbit which 
would have a large measure of full sun- 
light was given detailed attention. The 
desired orbital regression rate of 0.9856 
deg. per day was found to occur at alti- 
tudes between 774 and 1.813 naut. mi. 
This regression rate would keep the line 
of nodes perpendicular to the sunlinc 
continually, since this is the average 
angular velocity of the earth about the 

However, this eclipse-free region is in 
the Van Allen belts, and the high alti- 
tudes also would incur severe orbital 
payload weight penalties. 

The compromise choice was a 300- 
naut. mi. orbit with an inclination 
of 82.4 deg. Under these conditions, 
Helios will be eclipsed 237; of the time 
during its maximum-eclipse orbit. A 
southwesterly launch from the Pacific 
Missile Range is necessary in order to 
obtain the desired retrograde inclina- 

The two launch times resulting in an 
uncclipscd orbit for a maximum number 
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and you have a 500 Me Digital Frequency Meter 




DIRECT COUNTING to 100 Me 


In one compact 5K" panel package, CMC now offers you an 
all solid state frequency meter with 500 Me capability for a 
total price of $2,750. 

The Model 738A (above) gives you direct measurement and 
display of frequencies from 10 cps to 100 Me. By adding the 
Model 735A plug-in heterodyne converter, the range is ex- 
extended to 500 Me. 

The converter is a positive sioitching turret-type which requires 
no tuning and can easily be adapted for remote programming. 
You may buy the basic 100 Me frequency meter now for only 


SPECIFICATIONS 


$2,250, if you prefer, then for $500 extra add the converter 
later to extend the range to 500 Me. Total price, $2,750. 
Designed specifically for calibration and maintenance of com- 
munications and telemetry instrumentation, CMC's 500 Me 
frequency meter also offers these features: weight only 35 lbs. 
• Inline NIXIE ® readout standard equipment • decade divider 
time base eliminates divider drift • automatic decimal point • 
two year warranty. 

For additional details, please contact your CMC engineering 
representative or write us directly. 

IEEE BOOTH— 3711— 3713 


Frequency Measurement 

Readout (Inline) 
instrument Accuracy 


to 500 Me heterodyne in 50 Mi 
to 10 Me: 1 and 10 sec 

to 500 Mc: 0.8 and 8 sec 


7 digits in kilocycles. Automatic 
decimal point 

± 1 count ± oscillator accuracy 


10 cps to 10 Me 
10 kc to 500 Me 1.C 
1 v rms (2 v maximum) 


8 8 10 sec gates 0,8 8 1 ; 


CMC 


COMPUTER MEASUREMENTS COMPANY 



POINTING AND SCANNING diagram (not to scale) shows capabilities of Helios and times 


of days— 267— following launch arc Feb. 
6 at 2 a.m. GMT and Aug. 12 at 2 p.m. 
GMT. Launch window is critical; for 
example, if the launch is delayed for 
three days after optimum, 14 days of 
fully sunlit orbits will be lost. 

Inclusion of three-sigma injection 
errors in inclination, launch time and 
altitude in the calculations indicates 
that a maximum eclipse time of 35% 
might reasonably be expected. This was 
taken into consideration in estimating 
the subsystem design requirements of 
the spacecraft. 

Thor-Agena B launch vehicle was 
recommended in the Goddard stud). 
Ccrvcnka said, since it is most desirable 
from the standpoint of cost and proven 
reliability. Pavload capability for this 
vehicle is 946 lb. in a 300-naut.-mi. 
polar orbit. A weight penalty of 8 lb. 
per degree of retrograde inclination is 
involved in non-polar orbits, thus reduc- 
ing the vehicle weight-lifting capability 
to about 840 lb. for an 82.4-deg. orbit. 

Structural design is restricted by the 
Agena shroud, wmich limits the space- 
craft diameter to 55 in. and length to 
1 32 in. Basically, Helios will be com- 
posed of two separate compartments for 
subsystems and experiments, which will 
be fabricated of aluminum or magne- 
sium alloys to minimize the weight 
problem. 


Subsystem compartment on the aft 
end of the spacecraft (see drawing) will 
be a reinforced monocoquc cylindrical 
shell closed at either end with two rein- 
forced bulkheads. All subsystem com- 
ponents will be mounted on the aft 
bnlkhead. thereby allowing heat gen- 
erated during their operation to radiate 
directly into space. The forward bulk- 
head— which is between the experiment 
and subsystem compartments— provides 
a stable mount for the experiment pack- 
age and thcnnally isolates it from the 
subsystems. 

Eight load paths enter the subsystem 
compartment shell from the correspond- 
ing eight "hard points” on the Agena— 
forward ends of the structural members 
of the vehicle. 

Tire Goddard study proposed that 
adjacent pairs of load paths Ire com- 
bined within the shell to form four 
load paths at the forward bulkhead of 
the subsystems compartment. This 
would provide support for the four 
comers of the experiment package, but 
would entail additional load carrying 
members within the shell. 

The two bulkheads arc basically flat 
circular plates which will be stiffened 
by composite shear web or open truss 
beams. Additional plate stiffening mem- 
bers are used to secure the forward end 
of any of the cantilever-mounted com- 


ponents on the aft bulkhead wlncn 
require reinforcement. 

Rectangular box configuration of the 
experiment compartment permits the 
four solar panels to be folded around it, 
petal-fashion, during launch. 

This portion of the spacecraft is com- 
prised of experiments, experiment sup- 
port structure and the heat shield. Tile 
latter will provide an approximately 
isothermal environment for the experi- 
ments and sun-trackers. 

Primary design consideration is to 
provide high rigidity for the support 
structure through use of a hollow metal 
honeycomb beam supported at the 
center of gravity and then to mount the 
sun-trackers and those experiments 
which require precise alignment on this 
structure. 

The rcinforccd-monocoquc heat 
shield will provide a floating attachment 
for the support structure at each of its 
four comer longitudinal load-hearing 
members. This scheme will prevent the 
transmission of structural distortions 
and heat from the heat shield to the 
support structure. 

Thermal considerations in both the 
experiment and subsystem compart- 
ments call for appropriate materials, 
insulators, thermal couplers to be nsed 
in the structure. Suitable coatings 
should be employed on the subsystem 
components, experiments and sun-track- 
ers to allow a maximum amount of heat 
to be radiated. 

This radiant heat must he absorbed 
by the internal faces of the heat shield 
and subsystems compartment shell and 
rapidly re-radiated into space bv the ex- 
ternal faces in order to allow the in- 
terior of the spacecraft to maintain 
thermal equilibrium even while Helios 
is in the earth’s shadow. Also, exterior 
faces should be minimal absorbers of 
heat from external sources. 

Stabilization and control system is 
designed to stabilize and provide pre- 
cise pointing and scanning accuracy for 
the satellite. Primary components of 
this system include sun trackers to pro- 



frame as the satellite. 
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Thiokol's Automated Batch Mixing process 
has produced over 1 million pounds of very 
high energy propellant in less than a year. 

With Air Force cooperation, Thiokol and Toledo Scales have 
developed an Automated Batch Mixing (ABM) system for 
propellant processing. In operation at Thiokol’s Wasatch 
Division. ABM has turned out over I million pounds of high 
energy propellant. Recently completed Air Force Plant 78 is 
also fully equipped with this system, for production of Minute- 
man engines. 

An electronically controlled method of materials handling, 
ABM eliminates the possibility of human error in the complex 
job of compounding and mixing propellant formulations. It 
also provides quality assurance throughout manufacturing on 
a recorded and "absolute” basis. Weighing precision is im- 
proved ten-fold. Over-all batch-to-batch variation is cut in half. 
Processing time decreases by 30%. Useable manufacturing 
capacity increases more than 20%. 

ABM is a significant step for big booster production. After 
two years of development and demonstration, it is ready— and 
production proven at Thiokol. 
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vide pitch and yaw control and star 
trackers for roll control. 

Operation is in five sequential modes: 

• Initial stabilization and acquisition 
mode. After separation from the Agena 
B vehicle, the spacecraft will possess 
residual tumbling rates as high as 1 deg. 
per second about each asjs. 

During the first orbit— which has been 
allotted for dctumbling and solar ac- 
quisition— the outputs of the three orth- 
ogonal rate gyros and the coarse sun 
sensor arc combined to control the 
compressed nitrogen jets. Tests at God- 
dard indicated that only 0.05 lb. of 
nitrogen and 1 >.2 sec. were required for 
dctumbling and stabilization. Acquisi- 
tion of the sun and the stellar roll 
reference completes this mode. 

• Normal orientation mode. Following 
initial acquisition, the optical axis of the 
observatory is pointed at the center of 
the solar disk under control of the sun 
trackers and star trackers. 

Torque for control actuation is sup- 
plied by three orthogonally-mounted 
motor-driven inertia wheels, which also 
absorb the additional momentum im- 
parted to the spacecraft by perturba- 
tional torques through an increase in 
wheel speed. Inertia wheels could be 
unloaded continuously bv using an op- 
posing torque created by the interaction 
of the earth's magnetic field with a field 
generated by magnetic coils within the 
spacecraft. 

• Offset pointing. Optical axis of the 
observatory is aimed at any point within 
a 10-dcg. square centered on the sun- 
normal pointing therefore can be con- 
sidered a special case of offset pointing 
where the offset is zero. 


• Raster scan mode. Spacecraft is yawed 
bodily back and forth while providing 
a small pitch increment at each end of 
the scan traverse. Thus a complete im- 
age of any area of interest within the 
1 0-deg. square centered on the sun may 
be formed, in much the same manner 
as the iconoscope in a television camera 
electronically scans and forms an image 
for transmission. 

Two sizes are available on command: 
a -fO-min.-of-arc-square frame of 120 
lines with an approximate line spacing 
of 20 sec. of arc may be obtained in 
50 min. for a complete frame; and a 
5-min.-of-arc-square frame at any point 
within the sun-ccntercd 40-min. of arc 
square. This technique gives rise to 
problems in securing the proper torque 
for reversal of the spacecraft's motion 
(turnaround) at the end of each scan 
excursion while maintaining the desired 
accuracy of 5 arc-sec. 

Yaw control loop reference variable 
will be a digital sawtooth with rounded 
comers. The shape of these corners is 
critical, since the torque applied during 
yaw turnaround is dependent on the 
amount of stored momentum in the 
wheels. Reference variable for the pitch 
control loop is a series of steps trig- 
gered at the end of each scan line. 
Raster scan function generator also 
would control slewing in the offset 
pointing mode, with motion following a 
scanning ramp function. 

• Solar occultation and rcacquisition. 
This must be contended with during 
some orbits for three months of the 
mission. Extensive drift arising from 
perturbations while the earth is inter- 
posed between the spacecraft and the 


sun may preclude rcacquisition within 
a reasonable length of time after passing 
again into sunlight. To eliminate this 
problem. STL suggested that a yaw-star 

direction from the sun trackers— be in- 
cluded in the control system. This 
device would lock onto a star of oppor- 
tunity shortly after the solar occultation 
and. together with a shir tracker and 
rate/ rate integrating gyros, would pro- 
ride the required inertial reference. 
STL studies demonstrated that stellar 
lock-on could be achieved before the 
spacecraft drifts more than six degrees, 
given a sufficient field-of-vicw for the 

Command communications and data 
handling subsystem is integral to the 
operation of Ilclios, The entire Mini- 
track network will be available to re- 
ceive data transmitted from the satel- 
lite, while prime data-acquisition sta- 
tions will be at Rosman. N. C.: Fair- 
banks. Alaska; Santiago dc Chile; Quito, 
Ecuador; and Canaveral!. Australia. 

Typical digital command message of 
the instruction tvpe— transmitted bv 
PCM FSK/AM on the command car- 
rier signal at a bit-rate of several hun- 
dred per second— would contain two 
32-bit words and their complements. 
Bits would pertain to spacecraft ad- 
dress. decoder address, word synchroni- 
zation. command instruction and tim- 

Widebnnd telemetry assembly would 
encode, format, store and transmit data, 
either in real-time or from tape storage. 
Specified data-storage capacity is 43.2 
million bits, of which 20 million may 
be stored in a single orbit. 

For several reasons, including rela- 
tively short time over a ground sta- 
tion, the vast quantity of data to be 
transmitted and the fact that the space- 
craft may be interrogated only once in 
several orbits, data retrieval must be 
at considerably greater speed than re- 
cording speed. 

Plavback speed-up ratio range of 
2S:1 to 32:1 seems feasible. 

Spacecraft systems status information 
and real-time data are transmitted via 
narrow-band telemetry. 

Power supply will consist of approxi- 
mately 20.000 n-on-p silicon solar cells 
arrayed in four hinged, one-degrcc-of- 
freedom panels which are perpendicular 
to the spacecraft's optical axis— and 
therefore perpendicular to the sun’s 
rays— when fully deployed. Power stor- 
age is in 12-amp.-lir. capacity nickel- 
cadmium batteries. Design load in 
sunlight— when the experiments arc 
operating— is 350 w., supplied at 28 v. 

Total launch payload weight esti- 
mate. including retrograde penalty and 
Agena B adapter and separation gear, 
is 1,017 lb., which exceeds Thor-Agena 
B capability by about 70 lb. 
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THE NAVY’S 
1IG UMBRELLA 


Grumman Hawkeyes are the airborne watchdogs of our 
naval task forces, for these new aircraft ensure the detec- 
tion and destruction of hostile targets at ranges sufficient 
to prevent penetration and weapon delivery. ■ The 
Hawkeye's reaction time between detection and intercep- 
tion is unprecedented. It will fly higher, faster, and further 
on air search and control missions than any other carrier- 
based early warning aircraft. Its higher altitude capabilitiy 
permits its radars to see further beyond ground level hori- 
zon than previous piston engine aircraft. In short, it’s the 
most advanced air early warning system there is. ■ The 
Hawkeye has completed the airframe portion of its quali- 
fication trials aboard the nuclear carrier Enterprise. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE, NEW YORK 


GRUMMAN E-21 

Airborne early warning and in 

The Hawkeye’s mission is to detect, identify, track, evaluate and conti 
ing aircraft. But to put it in more familiar terms: A single Hawkeye, t 
all air traffic between Washington, D. C., and Boston . . . including ti 



Manned V enus-Mars Fly-by in 1 970 Studied 


By Alfred P. Alibrando 

Interplanetary “grand tour" flights in 
which three-man spacecraft would fly 
by both Venus and Mars on mission's 
launched in 1970 or 1972 have been 
suggested by specialists who conducted 
extensive studies on the problems and 
requirements of manned interplanetary 
flight. 

Possible grand tour missions were out- 
lined by R. W. Gillespie. R. V. Ragsac 
and Stanley Ross of the Lockheed Mis- 
siles and Space Co. at the recent annual 
meeting or the Institute of Aerospace 
Sciences in New York. 

Trip times would vary from about 
460 days to about 6S0 days if launched 
during opportunities in the 1970-1972 

The first 1970 mission, a three- 
planet fly-by. would be launched Sept. 
6, 1970. pass Venus the first time on 
Nov. 20. 1970, fly by Mars on May 
9. 1971. encounter Venus the second 
time on Mar. 4. 1972. and return to 
earth July 22, 1972. 

The second of the 1970 opportunities 
would be Dee, 25. 1970. The space- 
craft would make its closest approach to 
Mars on Nov. 10. 1971 and flvbv Venus 
on June 7. 1972. The spacecraft would 
return to earth on Aug. 21, 1972. 

Mars Fly-by 

Grand tour flight, said the authors, 
could be made within the requirements 
for a single Mars fly-by. They added: 

“. . . the amount of information ob- 
tainable per trip is greatly increased, 
and little or no penalty is' incurred in 
launch weight. Guidance problems as- 
sociated with these journeys do not 
appear to be insuperable, although a 
major disadvantage . . . stems from their 
restricted launch windows and long 


repetition cycle. If they are not per- 
formed at the time indicated, the next 
opportunities for such easy missions will 
not present themselves for an additional 

Launch vehicle and spacecraft sys- 
tems for grand tour and other Mars and 
Venus missions suggested by the au- 
thors would be based on “a level of 
technological accomplishment of the 
advanced Apollo period." This means 
use of an Advanced Saturn-tvpe. pos- 
sibly with an early nuclear upper stage. 
Use of the Advanced Saturn-tvpe launch 
vehicle is predicated on assembly of 
spacecraft modules in earth orbit. 
Re-entry Techniques 

Re-entry would be made “either by 
solid-propellant retro propulsion down 
to parabolic speed, or by an advanced 
atmospheric braking technique, which, 
in addition, employs a small auxiliary 
rocket to provide negative lift for the 
maintenance of proper entry corridor 
height. Advanced ablator designs are 
also under study, but it is unlikely they 

even if they do prove . . . preferable 
to the other two re-entry concepts. 
Planetary escape, during the capture 
missions, has been calculated for a 
storable chemical rocket of moderate 
impulse ratings.” 

Spacecraft would consist of a 20.- 
000-lb. mission module and a 9.000-lb. 
modified Apollo command module, 
which also would serve as a re-entry’ 
vehicle. Flight plan would include re- 
lease of one or more probes during 
planetary contact. 

All of the proposed missions would 
bring the spacecraft within one plane- 
tary radius in so-called “grazing pas- 
sages.” According to the Lockheed 
study, the two-planet fly-by would bring 


the spacecraft close to the illuminated 
side of Mars only 98 days after oppo- 
sition and by Venus’ illuminated side 
only 11 days before conjunction. 

The three-planet fly-by would bring 
human observers close to Venus for two 
observations, near the time of inferior 
conjunction, and by Mars near opposi- 

Manned planetary missions will re- 
quire a new kind of life support sys- 
tem. In the current manned flight pro- 
grams— Mercury. Gemini and Apollo- 
life support systems depend on the 
spacecraft’s storage capacity. In the 
missions proposed in the Lockheed 
study, a semi-closed ecology system, in 
which liquid but not solid metabolic 
wastes would be recycled, would be 

Variable life support allotment of 
22.7 lb. per day, plus a 5,500-lb. fixed 
weight has been adopted for the three- 
man crew. Radiation shielding equiva- 
lent to 50 to 55 grams per square centi- 
meter is recommended, assuming a very 
low probability for solar flares intense 
enough to result in absorption of more 
than 200 rads by the blood-forming or- 
gans. 

Other Problems 

The study did not examine many 
other important problems associated 
with very’ long space flights. These in- 
clude prolonged weightlessness, con- 
finement in a small space and psycho- 
logical effects of stress and distance 
travel from the home planet. 

National Aeronautics and Space Ad- 
ministration is studying manned plane- 
tan missions as possible follow-ons to 
Project Apollo, the manned lunar land- 
ing program in which flights are sched- 
uled to be made around and to the 
moon by 1968. 
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NASA Program Develops F-104A 
Sounding Rocket Launch Method 


By Edward II. Kolcum 

Washington— Technique for using a 
Lockheed F-104A aircraft as the first 
stage booster for sounding rockets has 
been developed by the National Aero- 
nautics and Space Administration at 
Flight Research Center. Edwards. Calif. 

Five tests conducted to study opera- 
tional aspects of the air-launched sys- 
tem (see chart) arc described in NASA 
Technical Note D-1279 written bv Vic- 
tor W. Horton and Wesley E. Messing. 

Tire NASA studies extend programs 
under way since 195S by the Bureau of 
Naval Weapons; Naval Ordnance Test 
Station. China Lake. Calif.-. Naval Re- 
search Laboratory, and Naval Missile 
Center. Point Mugu. Calif. Navy pro- 
grams use two- and three-stage Caleb 
rockets launched by McDonnell F-4B 
aircraft, and Sparrow two-stage vehicles 
launched bv McDonnell F-3B and 
Douglas F-6A aircraft. 

NASA program was aimed at obtain- 
ing more accurate infonnation on the 
North American X-l 5 flight regimes be- 
tween 100.000-500.000 ft. altitude. 
Single-stage Viper 1-C rockets were 
launched to altitudes ranging to 583.000 
ft. The Viper 1-C rocket has a theorcti- 


that arc launched from the ground. 

• Airplane-rocket combination provides 
a recoverable first stage booster— the air- 
craft— a means of controlling rocket 
flight parameters at second-stage igni- 
tion. and the most flexible of launch 
sites, limited only by aircraft range. 

• Existing aircraft rocket launchers can 
be modified for air launching sounding 
rockets. 

The F-I04A used for the NASA ex- 
periments was modified with the in- 
stallation of an MB-1 launcher rack, 
under which a Sidewinder rack was in- 
stalled to provide a downward S-deg. 
angle between the rocket and the aircraft 

A Republic F-100C MA-2 low alti- 
tude bombing system (LABS) also 
was installed in the Lockheed aircraft to 
assure automatic launch of the Viper 
rocket at the proper pitch angle. 

Viper rocket employed in the experi- 
ments was in two configurations, both 
using a Lockheed Propulsion Co. solid- 
fueled motor with a 5,395-lb. sea level 
thrust. 

Characteristics of the motor are a 5.6 
sec. burning time. 777 psia. chamber 
pressure, and 209 sec. specific impulse. 
The lighter model Viper rocket weighs 
253 lb., is 7.5 in. dia. and is 143.7 in. 

The other model is 2 lb. heavier, 
and is 145.S in long. 

Prior to the first air launch, pilots 
flew about 40 practice missions to per- 
fect techniques and coordination with 
the ground. Rocket compatibility with 
the launcher was determined by firing 
two Viper rockets with MB-1 /Side- 
winder racks, which had been installed 
on the ground. 

Complete results were obtained from 
four of the five launches in the report. 
Flight data was not obtained from the 
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How to make a great airplane greater! 

Welded [Titanium] Ti-5AI-2.5Sn boundary layer control 
saves weight, ducts air at 750° F, ups performance of A3J 


North American Aviation has succeeded 
in upping the performance of the already 
great Mach 2 attack airplane, the A3J 
Vigilante, with an all-titanium boun- 
dary layer control system. Components 
of the system include complex weld- 
ments of Titanium Metals Corporation 
of America alloy Ti-5Al-2.5Sn, ducting 
air at 750F. 

Imaginative NAA engineering produced 
two substantial dividends in improved 
titanium fabrication... reliable welding 
procedures for Ti-5AI-2.5Sn...and a 
novel plastic film wrapping technique 
that makes permanent welding chambers 
an expense of the past. 

Even higher performance for A3J. The 
droop leading edge of the wing consists 
of six titanium assemblies which duct 
750F air to the upper surface of the wing 
for added lift when needed. This gives 
the famous A3J even better carrier take- 
off and landing characteristics, increased 
range, payload, and maneuverability. 


Weight-saving and strength at 750F. The 
300-pound titanium system saves 300 
pounds over stainless steel and other fer- 
tile necessary strength while handling 
gases at 750F. 

All in all, more than 1,000 pounds of 
titanium are flying with the A3J — ribs, 
shroud linings, fasteners — thereby shav- 
ing an almost equal amount of dead 
weight off the airframe! 

The right modulus for retrofit is provided 
by titanium, which is right at home in an 
aluminum structure. This is another rea- 
son for NAA’s choice of titanium. It 
provides the proper distribution of flex- 
ing stresses in the A3J's aluminum wing. 
Also important is titanium's immunity to 
salt spray corrosion. 

To find out more about welding Ti-5A1- 
2.5Sn, write TMCA Technical Service 
Department. Remember, TMCA’s exclu- 


sive concentration on titanium... 
TMCA's unbroken history of research 
and development since the metal’s earliest 
beginnings... are your best assurance of 
successful application of light-weight, 
high-strength titanium. 

Write for Data Sheet onTi-5AI-2.5Sn 
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Mask-less Circuits 


Mask-less process for thin-film circuits, de- 
veloped bv General Dynamics /Astronautics, 
enables one operator to produce up to 2.000 

chamber. Resistors and capacitors have 

fourth flight because the tracking bea- 
con failed in the rocket, 

The earlier Navi tests, called the 
Caleb and Sparoair projects, were de- 
signed to provide a test program for both 
air and snip-launched rockets for com- 
munications rclav and on-sight weather 
sampling. The "3, 000-lb. Caleb rocket 
is 200-in. long. A two-stage configura- 
tion is designed to carry an S 5-lb. pay- 
load to an altitude of 1.000 mi., and 
the three-stage version, a 1 3-lb. pavload 
to 2,000 ini. 

Navy air-launched 60 Sparrow rockets 
in the Sparoair program, and five rock- 
ets in the Caleb program. Another 
three Caleb rockets were launched 
from the ground. 

Pavload proposed for the NASA air 
launch is an S-ft.-dia. inflatable sphere 
weighing 1.11 lb. Inflation medium is 
0.14 lb. isopentane and 0.02 lb. water. 

Navy also designed an advanced 
Caleb able to carry 200 lb. to 600 naut. 
mi. Project called Ili Hoe carried an ion 
measurement payload. 

The Sparoair program uses two 1.800- 
lb. thrust Sparrow rockets configured 
into two stages. This system lias 8 in. 
dia., is 145 in. long and weighs 315 lb. 
It is designed to carry a small payload 
to 100 naut. mi. Improved version 
launched bv the F-6A in a near-vertical 
trajectory would loft 40 lb. to 65 naut. 


Experimenl Simulates 
Stay in Space Station 

Washington— Four men spent 14 
days recently in slow rotation without 
loss of perception or sensory ability 
during an experiment that produced 
conditions similar to those expected 


in a slowly rotating space Station. 

Experiment was conducted in the 
slow rotation room at the Navy's School 
of Aviation Medicine. Pensacola. Fla. 
It was sponsored by the National Aero- 
nautics and Space Administration for 
the purpose of measuring the ability of 
healthy subjects to accomplish a num- 
ber of tasks during and after prolonged 
rotation at 3 rpin. 

In their report, the experimenters 
concluded that "no serious disturbance 
of a psychological or physiological na- 
ture was encountered," and that either 
no change or a continued improvement 
was found in conceptual reasoning, 
physical performance, perception and 
sensory ability. No important changes 
in blood pressure, respiration or pulse 


rate were observed during the NASA- 
sponsored experiments. 

In earlier tests, where subjects were 
rotated at higher rates, rather severe 
problems in re-adapting to the normal 
earth environment were noted. Follow- 
ing this test, the subjects re-adapted 
quickly. 

Navy's slow rotation room does not 
perfectly duplicate environment of a 
rotating space station. Ill an orbiting 
space station, the direction of the artifi- 
cial gravity would lie within the plane 
of rotation. In the rotation room, the 
direction of the force of gravity is per- 
pendicular to the plane of rotation. 

Experimenters were Ercd E. Gucdry, 
Jr.. Robert S. Kennedy. Charles S. 
Harris and Ashton Graybicl. 
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Lunar landing gear. . . from the people at Bendix 

Landing struts for lunar excursion craft and landing skids for manned re-entry vehicles. □ Other people 
at Bendix are working on engine control systems, landing gear, rocket equipment, high temperature 
composite materials and nuclear mechanisms. An Aerospace team of skilled and experienced people 
. . . skilled in all phases of program management, backed up by complete engineering and production 
facilities, give Bendix the capabilities to undertake many varied Aerospace programs. □ To find out what 
this Bendix team can do for you, write: General Sales Manager, South Bend 20, Indiana. 


Bendix Products Aerospace Division 





Pact Clarifies NASA, DOD Roles at Cape 


By George Alexander 

Cape Canaveral, Fla.— Agreement re- 
cently reached by Dept, of Defense and 
the National Aeronautics and Space 
Administration on their respective 
spheres of responsibility at Cape Cana- 
veral has placed the relationship here 
between these two agencies in sharper 
focus. 

Agreement (AW Jan. 28, p. 33), 
signed Jan. 17 by Defense Secretary 
Robert S. McNamara and NASA Ad- 
ministrator James F.. Webb, recognizes 
the separate identities of Defense’s 
15,000-acre Cape reservation and 
NASA's adjacent 87.000-acre Merritt 
Island Launch Area, west and north of 
the Cape. 

Pact states that mission responsibility 
carries with it management control of 
the facility from which the mission is 
executed, "regardless of location. Each 
agency will be responsible for mission 
functions directly associated with the 
handling, preparation, launching and 
in-flight control of its missiles or space 
vehicles.” Since the bulk of NASA's 
work will be done on Merritt Island and 
Defense’s on Cape Canaveral, the agree- 
ment makes each agency predominate in 
its own domain. 

NASA, USAF Missions 

By including the phrase "regardless 
of location,” tnc document recognizes 
that NASA has some missions staged 
from USAF property and USAF from 
NASA territory. NASA owns Saturn 
C-l complexes 34 and 37 and Atlas- 
Centaur stand 36; it uses Defense- 
owned Gemini-Titan 2 pad 19. Delta 
pad 17, Mercury-Atlas pad 14 and 
Atlas-Agena pad 12. Air Force will 
build one and possibly two Titan 3 
stands on NASA-owned land. 

As for supporting one agency on the 
other’s land, the agreement states that 
“NASA . . . will be the host agency at 
Merritt Island Launch Area for the 
providing of facilities and services to 
Defense Dept., as Defense Dept, is host 
at Cape Canaveral and elsewhere on 
the Atlantic Missile Range.” 

Agreement leaves unchanged De- 
fense’s role as the single manager of 
the Atlantic Missile Range (AMR) but 
adds to it all range-associated functions 
on Merritt Island "unless, for compel- 
ling technical or operational reasons, it 
is decided jointly that these should not 
be integrated under single manage- 

Major impact of the accord is to 
elevate NASA from the status of tenant 
on the Atlantic Missile Range and to 
make it independent of Defense for 
most support requirements. Freedom 


to plan its own needs and the ways of 
satisfying them has long been a goal 
of NASA, not because of inadequate 
Defense support but because Defense 
was an additional factor in the manage- 

Typical of the new relationship be- 
tween Launch Operations Center 
(LOC). directed by Dr. Kurt H. 
Debus, and Air Force Missile Center 
(AFMTC). commanded by Maj. Gen. 
Leighton I. Davis, were a series of local 
agreements implementing the Jan. 17 
concord. Covering the support areas 
of photography, telemetry and meteoro- 
logical radars, the local agreements were 
hammered out in 2! days toward the 
end of January. Rapidity and case with 
which the agreements were reached— 
one source said there were no more than 
two or three revisions of the original 
drafts— contrast sharply with the seven- 
month argument last year between 
LOC and AFMTC over the expansion 
of central control on the Cape reserva- 

For documentary photography— those 
films and photographs usually dissemi- 
nated to the public— LOC and AFMTC 
will be responsible for their own sup- 
port in their own areas but willl be re- 
quired to satisfy the other's needs when 
the mission is staged from the host’s 
territory. Tlius. LOC will film Titan 3 
launchings from Merritt Island in ac- 
cordance with USAF directives. Air 
Force, in turn, will cover Saturn C-l, 
Gemini. Centaur. Ranger and Delta 
launches from the Cape. 

Sequential Films 

For engineering sequential films, 
which are reference-marked films on 
which a missile is tracked. Air Force will 
buy the special cameras and their film, 
install them on LOC's launch stands 
and develop the films— all according to 
NASA directives. AFMTC will con- 
tinue to provide its own engineering 
sequential film coverage for all Defense 
vehicles, whether they are launched 
from Cape Canaveral or Merritt Island. 

AFMTC will be the only responsible 
agency for metric optical photography, 
which is film footage of a launch shot 
against known geographical or celestial 
fixes. Metric optical data is useful only 
in range operations and, as such, fall’s 
entirely within Defense’s purview. 

Telemetry Central station to be built 
on Merritt Island will be a joint design 
effort between LOC and AFMTC but 
will be operated by the latter because 
data acquisition on the Atlantic Missile 
Range is a responsibility explicitly as- 
signed to Defense. However, since a 
major reason for the creation of Telem- 
etry Central is NASA’s manned lunar 


landing program. Air Force will provide 
the civilian agency with a number of 
channels on which real-time data-on 
booster performance, pilot’s physiologi- 
cal condition, spacecraft status— will be 
transmitted directly to NASA’s Launch 
Control Center. NASA will defray 
some of the costs of this facility. 

Defense will make available to NASA 
a meteorological C-band radar which 
formerly had been used at the down- 
range AMR Puerto Rico station. Al- 
though remaining Defense property, the 
radar will be transported, installed and 
modified on Merritt Island at NASA 
expense. Still unclear is operating re- 
sponsibility for the radar, but it has 
been agreed that NASA will schedule its 
duty cycles and program its objectives. 

Although the Merritt Island land, 
according to the McNamara-Wcbb 
agreement, "is considered a NASA in- 
stallation, separate and distinct from the 
Atlantic Missile Range.” AFMTC will 
locate 50-odd instrumentation sites 
( tracking radars, theodolites. Doppler an- 
tennas. etc.) on NASA’s land with per- 
mission of the civilian agency. 
Meteorological Data 

All meteorological data gathered bv 
radars and by about 12 50-ft. tall 
weather towers will be tunneled into a 
central weather data station at Central 
Control on the Cape. This station, to 
be operated by AFMTC or one of its 
contractors. Pan American or Radio 
Corp. of America, will use two com- 
puters. one owned by Defense Dept, 
and the other leased by NASA. 

McNamara-Webb agreement grew 
out of the shortcomings of an earlier 
agreement between Webb and Deputy 
Defense Secretary' Roswell Gilpatric. 
signed Aug. 24, 1961. which attempted 
to establish a working relationship be- 
tween LOC and AFMTC in the man- 
agement of the land purchased by 
NASA for the manned lunar landing 

HT program had received the na- 
tion’s highest priority only a few 
months earlier from President Kennedy. 

"Within 24 hr. after seeing it [flic 
Webb-Gilpatric agreement]," one source 
said. “Air Force and NASA were at 
loggerheads at the Cape." Controversy 
pivoted around one phrase in the agree- 
ment which said that Air Force would 
"act as agent for” NASA. “What im- 
mediately developed,” this source con- 
tinued, "was a set of parochial jeal- 

The new agreement allows LOC and 
AFMTC considerable leeway to work 
out detailed local arrangements on their 
own and requires that they consult with 
each other in their planning. 
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NASARR Problems Hampering F-104G 


By Cecil Brownlow 

Geneva— Political and technological growing pains encountered in the 
European program for North American Aviation's NASARR fire-control sys- 
tem provide an encapsulated diagram of the problems a U.S. contractor might 
expect when he decides to participate in an offshore, multi-nation licensed 
production program for an advanced and complex yveapon system. 

Three-mode, all-weather -41 version of NASARR plays a vital role in the 
performance and reliability characteristics of the Mach 2 Lockheed F-104G 
fighter norv under production in Europe on a four-nation basis. The over-all 
program has suffered some setbacks and as a result North American, along 
with other contractors engaged in the project, has had to contend with some- 
times Severe criticism from many sides, including: 

• Other U. S. 


o adin 


of a 


program might be ailing. 

• European licensees rvho fear that 
North American may be assuming too 
large a role in the program. As in the 
case of U. S. firms, they also arc disin- 
clined to dsvell upon any internal short- 
comings or deficiencies. 

• Military and political circles of the 
four nations concerned as rvcll as the 
Pentagon, rvhich vierv any failure or 
hitch in the program as a potential 
black eye for the U. S. and its relations 
with the European countries concerned. 

Added to this is the fact that the 
F-104C project has been a matter of 
controversy in Europe from the start, 
caught up in a multi-nation political 
debate that has magnified the aircraft's 
technical problems and obscured the 
program as a rvholc under recurring 
blankets of criticism (AW Aug. 6, p. 

More practical problems include con- 
cern among military- officials of the user 
nations as to the component reliability 
of the yveapon system as a whole, partic- 
ularly the anticipated mean-timc-bc- 
tween-failure of the various avionics 
systems and the Super Slaughter's 
capability as an all-sveather interceptor, 
close-support fighter as yvcll as a rccon- 

West Gennan sources estimate that 
it rvould require approximately S125 
million in development and retrofit 
costs to furnish the aircraft with a 10057 
capability in its three modes under all 
yveather conditions. No one is consider- 
ing such an outlay, although some early- 
model retrofits arc being made (AW 
Feb. 4, p. 29) and still others arc antic- 
ipated. In recognition of this fact, 
operational plans for the aircraft are 
being adjusted accordingly. 

North American, in an effort to avoid 
any costly nerv redesign of NASARR as 
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a means of boosting reliability' perform- 
ance. is sending company teams to work 
with the European manufacturers and 
military maintenance personnel in hopes 
that a better knowledge of the system, 
bv those svlio install il ' " ‘ " 


yvcll as thosi 


and n 




arc now returned to the U.S. for over- 
haul. -and the rvork obviously could be 
done more economically bv North Amer- 
ican Aviation SpA in Turin. Present 
U.S. gold-florv policies may make such 
a contract impossible, however. 

North American SpA also is thinking 
of obtaining yvork on avionic systems on 
Lockheed F-104G aircraft supplied under 


the NASARR as yvell as provide an im- 
mediately mailable source of spares— 
items critically lacking in the original 
customer orders— in an effort to keep 
output near schedule. 

Under Defense Dept, pressure, along 
with the other U. S. firms, to do every- 
thing possible to get the licensed pro- 


duel 
able r; 


prograi 
(AW Aug. 


i- ha; 


. 93), t 


Another 50 technicians have been ch- 
ained from Italian industry, primarily 
'Tat. on a loan basis. This number is 
xpcctcd to grow to about 200. 

Test equipment at Turin represents 
i $1.3 million expenditure by North 
Vmcrican, with another S2 million in 
ompany funds going into the spares 
tockpilc. None of these outlays was 
mtieipated at program's inception. 

" " assignment for Turin 


ially increase its operational 
capabilities and boost the mean-time- 
betrvccn-failures. 

Teams arc being dispatched under 
the aegis of North American Aviation 
SpA. an Italian-incorporated subsidiary- 
located at Turin's Cascllc Airport in 
quarters leased from Fiat Aviation. 

The Italian subsidiary', which began 
operations last July, svas established 
specifically to aid North American’s 
European subsidiaries through their ini- 
tial assembly and production stages on 

Subsidiary’s Plan 

North American Aviation is c 
Iig a five-vear plan relating to the future 
if its costly-to-install Eu ’ ” 

irofitablc base with Icy 
mcc on its NASARR su 


lodificati 
ns of NA! 
n. with 


i of 58 carl ici 


51MC 


tallci 


. The - 


1MC u 


aircraft delivered 
Germany from Lockheed while the 
I was still under development. 
Original number of -31 units in the 
theater to be modified had 




appro 


imately 


but 


returned to North 
American’s Autonctics Div. facility- at 
Palmdale before Turin had developed 
its capability . Others were lost in train- 
ing exercise crashes. 

Modification work on the -31 scries 
began in October, and the final unit 
is scheduled to have moved through the 
line in approximately four months. 

North American SpA’s basic assigned 
missions are central control over all of 
the company’s activities in Europe 
where N.ASARR is concerned, mainte- 
nance and spares support for the system, 
direct product support for the initial 
units delivered directly to Lockheed or 
to its airframe licensees in order to get 
the program under yvav. and technical 
assistance to NASARR’s European 
licensees. To accomplish this, internal 
organization of the Turin facility is di- 
vided along these lines: 

• Overhaul and repair. 

• Calibration of test equipment. 

• Engineering. 

• Quality control. 

• Contracting. 

• logistics Support. 

• Dahl collection, analysis and recom- 
mendations. 

Currently, 50% of Turin’s technical 
63 



effort is oriented toward the -51 modi- 
fication program and 25% into field 
repair, with the rest devoted to calibra- 
tion of equipment and similar measures. 

This capability, particularly the cali- 
bration facility— a rarity in Western Eu- 
rope-plus the necessity of sometimes 
stepping beyond its licensees with direct 
spares support and repair work in order 
to keep the program moving, has caused 
some resentment and suspicion that 


North American Turino eventually will 
grow into a fonnidable avionics contrac- 
tor and competitor on the Continent. 

North American, however, stresses 
that its work at Turin is designed pri- 
marily to keep NASARR production 
and availability in line with schedules. 
As the capability of the licensees grows, 
Turin will relinquish more and more 
of its NASARR obligations. 

Emphasis on spares support steins 


pnmarilv from the fact that, during the 
program’s inception in 1960, the Euro- 
pean governments concerned evidenced 
little or no interest in this area and, 
consequently, shortages began to de- 
velop rapidly. 

West Germany is still the only one 
of the four nations with firm and sub- 
stantial stockpiling plans for its own 
700 F-104Gs and its F-104F two-place 
trainers. (The other nations arc Hol- 
land, Belgium and Italy.) 

Estimates of the time required before 
the licensees will be capable of standing 
alone ranges up to 18 months. As a 
whole, the European contractors have 
reached the stage of assembling detailed 
parts supplied by North American, but 
some are now beginning to cut metal. 

With the shortage of on-hand spares, 
the licensees are being forced to can- 
nibalize parts in some instances in order 
to complete a lesser number of fully 
equipped and working sets of equip- 
ment. Some also are splitting part of 
their production work to the manufac- 
ture of spares. 

They also are still far short of devel- 
oping an in-house overhaul capability, 
but each has a full set of test equipment 
and eventually is expected to move into 
this work as the day-by-dav production 
demands decrease in relation to capnbil- 

NASARR production also suffers 
from the same handicap that has 
plagued much of the European F-104C. 
project. Each nation wants to use the 
program to increase its industry’s tech- 
nological knowhow. Consequently, each 
contractor has a final assembly responsi- 
bility, collecting the parts and compo- 
nents to be assembled from all other 
members of the consortium (AW Aug. 

6. p. 61). 

These are Telefunken GmbH in Ger- 
main'. N. 5'. Hollandsc Signalappara- 
tcns'(SIGNAAL) in Holland. Manufac- 
ture Beige de Lamps et de Material 
Elcctronique in Belgium, and Fabbrica 
Italiana Apparecchi Radio SpA in Italy. 

Another unsettling factor is the con- 
flicting regulations of the individual 
nations that can serve to confuse and 
delay production and destroy the value 
of the warranties each manufacturer 
provides for his components. Belgium, 
as an example, insists that all compo- 
nents received from certain other coun- 
tries must undergo a complete inspec- 
tion before acceptance. 

When the equipment is received and 
opened, the manufacturer’s warranty 
automatically is invalidated. 

Signs of multi-nation cooperation are 
improving, however. An Italian air 
force captain, a qualified technician, has 
been assigned to the Turin plant to 
oversee quality control, particularly on 
repair items, and the other nations are 
now agreeing to accept his approvals 
without further inspection. 


NEW SERVOS AND AC 


SUPPLIES UPGRADE 
GYRO TESTING! 



.... , n assembling 

uteir own equipment. All units are completely transistorized and can be 
tailored to individual specifications. Delivery within 45 days. 

Gyro Table Servo (Model 101B) ... for controlling table position during gyro 
drift measurements . . . includes high power output stage. Requires no 
motor-generator set. Frequency range — 400 to 10 kc — accommodates wide 
range of gyros. Static stiffness — 2000 to 5000 ft/lb/m rad — results in high 
performance. Compensation selector stabilizes servo for gyro time constants 
from 0.5 to 200 msec. 

Tumble Servo (Model 103) . . . for closing loop around integrating gyro during 
tumble or static tests . . . features chopper stabilized DC amplifier for hign 
gain and low drift. 

PIGA Servo (Model 102) ... for use in testing 16 and 25 PIGA accelerometers 
... has dissipation-limited all-transistor circuitry for maximum reliability. 
Gyro Wheel Supply (Model 200A) has amplitude stability of 0.01% for 200 
hours. Used to supply power to 2 or 3 phase gyro wheel motors. 

Microsyn Supply (Model 202A) is an amplitude stabilized AC amplifier for 
exciting microsyn signal generators, resolvers and industosyns. 

Write Today for product bulletins and prices on any or all components . . . 
225 Binney Street, Cambridge, Massachusetts. 
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One-third of all U.S. missiles launched 
at Cape Canaveral have been built by Martin. 

The technical competence which made this achievement possible is illustrated by the 
450 technical articles and papers published last year by Martin scientists and engineers. 
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If you have the technological 
competence to work with men of 
this calibre. If you are looking for 
a position in America’s essential 
aerospace and defense industry, 
consider the Martin Division 
of Martin Marietta. 
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GRUMMAN E-2A (W2F-1 ) Hawkeye takes off from tlic canted deck of the nuclear-powered aircraft carrier Enterprise during trials at sea. 
The 49, 000-lb. Hawkeye carries a crew of five. It is capable of fully automatic fighter intercept control. 


Aviation Week Pilot Report: 

E-2A Compatible With Carrier Operations 


By Larry Booda 

Andrews AFB, Md.— Complex elec- 
tronics package installed in the Grum- 
man E-2A Hawkeye aircraft costs twice 
as much as the twin-turboprop airframe. 
This is the price the Navy is willing to 
pay to provide its aircraft carrier force 
with an airborne early warning capa- 
bility combined with fully automatic 
intercept control over the sea and areas 
of limited ground conflict. 

Tire E-2A system is distinguished by 
three characteristics: 

• Turboprop power. No previous oper- 
ational turboprop aircraft has gone into 
U. S. Navy service. The Douglas A2D-1 
project of the early 1950s was aban- 
doned because of difficulties with con- 
tra-rotating propellers. The E-2A’s Al- 
lison T56-A-8 engine has been proved 
in airline and military service. The 
British Royal Navy has operated turbo- 
prop aircraft for some time. 

• Nose tow for catapulting. All previ- 
ous U. S. Navy aircraft have been cata- 
pulted by being towed by a bridle pull- 
ing against a fitting under the central 
portion of the fuselage. The E-2A tow 
fitting is integral with the nose wheel. 
Aligning the aircraft with the catapult 
centerline is simplified. 

• Automatic intercept and data link. 
The electronics installation makes it 
possible to vector dozens of fighters to 
as many targets without the use of voice 
transmissions. In addition to what in- 


formation the E-2A can acquire itself, 
it automatically receives and transmits 
data to and from other sensors on the 
surface or in the air. All of this is done 
without voice transmissions. Successful 
automatic intercepts have been per- 
formed (AW Feb. 25. p. 50). 

This Aviation Week & Space Tech- 
nology pilot flew the E-2A here with 
Grumman engineering test pilot Tom 
Attridge. Familiarization landings and 
takeoffs were made at the nearby Naval 
Air Test Center, Patuxent River, Md. 

As an aircraft, the E-2A is fully com- 
patible with carrier operations. It is 
ruggedly built to withstand catapult 
takeoffs and arrested landings. The 
power provided by the two T56 engines 
rated at 4,050 hp. each permits steep 
climbing takeoffs at maximum gross 
weight. At high angles of attack addi- 
tional lift comes from the rotodome. 

As a complete weapon system, the 
E-2A has been going through a long 
period of development. The first air- 
frame flight was made in October. 1960. 
The first avionics flight was made in 
April, 1961, and the first automatic in- 
tercepts were performed last Feb. 4. 
Aim is to have the system developed 
enough so that Board of Inspection and 
Survey trials can begin in September. 
Fleet introduction is scheduled for early 

Because of security restrictions, only 
a general description of the control 
equipment and performance can be 


given. Heart of the system is an inertial 
platform that can provide navigation 
information independently of any other 
source. This is supplemented by Dop- 
pler radar. Tacan, direction finding, 
omni, DME and mechanized dead 
reckoning. 

Tire AN/ASA-27 Computer-Indica- 
tor group of instruments provides in- 
stantaneous readout of information.. 
These are tied in to the AN/APS-96 
radar which uses the AN/APA-143 an- 
tenna in the rotodome. 

The three control panels have been 
simplified. Buttons controlling dozens 
of functions have been reduced in num- 
ber by having them run in series ar- 
rangement. where one sub-button can 
serve a number of primary buttons. The 
radar display can be adjusted to several 
different ranges. Designation of targets 
and intercept aircraft is made with an 
electronic pencil. Ranges and directions 
are instantaneously flashed on Nixie 
indicators-odometers with neon-lighted 
numerals. 

These Nixie indicators also furnish 
continuous position information to the 
pilot as part of the navigation subsys- 

The E-2A is the focal point of the 
Air Tactical Data System (ATDS). The 
ATDS is tied to the basic Navy Tacti- 
cal Data System (NTDS) by high fre- 
quency coded transmission and recep- 
tion links. Thus it is unnecessarv for 
the E-2A to remain in linc-of-sight of 
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surface vessels, which would be the case 
if VHF or UHF were used. 

This link to the NTDS allows in- 
formation from other sensors to be fed 
into the ATDS, while at the same time 
the ATDS tactical situation is fed to 
NTDS for general fleet use as needed. 

A preliminary walk around the air- 
craft reveals the following: 

• Engines. Each T56 is installed with 
the output shaft emerging from the top 
of the reduction gear box. This is the 
opposite from the T56 installation in 
the Lockheed C-l 30 and the Allison 
501 in the Lockheed Electra commer- 
cial transport. 

• Propellers. Two Acroproducts 13.5- 
ft. four-bladed propellers arc installed. 
They are hydraulically controlled. These 

E ropcllers differ considerably in plan- 
inn from others used with the 501 
and T56. Upon examination, each 
blade resembles an aircraft wing with 
the flaps partially lowered. The trailing 
edge has a permanent bend. The blade 
cuff has greater aerodynamic lift char- 
acteristics. Both of these features per- 
mit maximum thrust at 95 kt„ which 
is the end speed of a catapult shot. 
Most other propellers are designed to 
be most efficient at cruising speed. 

• Rotodome. The 24-ft. dome contains 
fixed stacked antenna elements. It ro- 
tates at 6 rpm. During operations the 
dome attitude furnishes enough lift to 
offset its own weight. 

• Empennage. Pour vertical surfaces, 
three of which have rudders and one a 
fixed stabilizer, are mounted on the hor- 
izontal stabilizer of the empennage. 
Split elevators operate between the ver- 
tical installations. Originally, it had 
been intended to have four rudders, but 
it was found that three provided enough 
yaw force when needed. The additional 
fixed vertical surface furnishes greater 
directional stability. 

• Wings. Both wings fold back just out- 
board of the engine nacelles through 
two axes, so in the stowed position they 
are folded both back and vertically. 
An automatic retractable jury strut 
stowed in the tail section anchors the 
wing to the empennage to prevent 
strain to the wing fold hinges during 
flight deck operations. 

• Alighting gear. Each main landing 
gear consists of a single wheel. The 
nose gear consists of two wheels. Each 
main wheel is rotated 92 deg. when 
retracted to lie flat within the frontal 
area of the nacelle. The nose gear folds 
straight back into the fuselage. The 
nose tow system permits expedited cata- 
pult operations, because the aircraft 
can be taxied into a slot which guides 
the nose wheel and strut to the proper 
spot where the towing bridle and hold- 
back link can be fastened rapidly. 

• Wing flaps. Flaps arc the conven- 
tional slotted type. The ailerons droop 
when the flaps arc down. 


The interior of the aircraft can be de- 
scribed as crammed in sharp contrast to 
the Navy's land-based P-3A Orion anti- 
submarine aircraft. Every bit of space is 
utilized. The aft compartment has three 
adjustable seats for the control crew 
men, who face the consoles installed on 
the left side of the aircraft. From that 
compartment to the cockpit, both sides 
of the fuselage arc filled with racks con- 
taining electronics equipment. A 5-ft. 
10-in. person can stand erect only in the 
passageway area for a few feet behind 
the cockpit. Two persons cannot pass 
each other in the passageway. 

If the aircraft mission had been set 
at greater than 7 hr., more crew space 
would have had to be provided. 

The cockpit is about the same size as 
that of most military operational com- 
bat aircraft. Scalp and shins are still 
subject to injury against a variety of pro- 
tuberances when getting in and out of 
both seats. This pilot flew from the left 
hand scat. It is identical with the co- 
pilot's position, except that a pistol grip 
for nose wheel steering is installed on 
the left. The scats are adjustable for- 
ward and backward, up and down and 


E-2A Specifications 

Crew— Pilot, co-pilot and three controllers 
Empty weight, with electronics 


gear 38.0001b. 

Weight of electronics gear. . . 11.000 lb. 

Gross takeoff weight 49,0001b. 

Fuel weight 12,0001b. 

Operating altitude 30,000 ft. 

Max. speed permissible at sea 

level 345 kt. 

Endurance 7 hr. 


into a reclined position. This is a dis- 
tinct advantage, permitting the pilots 
to take turns resting on long flights. 

Use of the automatic flight control 
system is mandatory because aircraft at- 
titude is critical during operations. 
Manual flying reduces the efficiency of 
the radar system. 

To the left of the pilot under the 
window is a console that contains pan- 
els, from back to front, for oxygen reg- 
ulation, intercom control, temperature 
control, brake cycle and console lights 
panel. Forward of this console, jutting 
from the left of the main pilot’s panel, 
is the nose wheel control pistol grip. On 
a ledge to the left of the console is the 
nosevvheel steering switch and the pi- 
lot's circuit breaker panel. There are 
also map and thermos bottle stowages 
in the console. 

The control pedestal between the pi- 
lot and co-pilot contains, from back to 
front on the left, the navigation display 
featuring Nixie indicators, data entry 
buttons, windshield wiper control han- 
dle, landing gear handle, arresting hook 
handle, automatic flight control panel 
and the trim and pitch feel panel. On 
the right, from front to back, are iden- 
tification control panels, the wing fold 
lock lever, rotodome switch, flap handle 
and inertial control panel. 

In the center of the pedestal are the 
two engine condition levers and the two 
power levers (throttles). Below these are 
the lever friction knob and the parking 
brake set handle. 

■Hie console to the right of the co- 
pilot is the same as the pilot’s except 
for the absence of the nose wheel steer- 
ing grip and switch. 

The left grip of the pilot’s control 
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OUT OF RYAN’S SPECTRUM OF CAPABILITIES: r PVAMflV IV 
World’s first universal Doppler navigator J 


Guidepost to aerial navigation with pinpoint accuracy — 
this is the Ryanav IV. Reconnaissance, surveillance, 
observation, transportation, evacuation, close support — 
whatever the mission — the new Ryanav IV Doppler 
Navigator meets all navigation requirements of fixed- 
wing, rotary-wing, and V/STOL aircraft from zero to 
70,000 feet altitude, in all kinds of weather, anywhere 
in the world, without ground stations and radio aids! 

Now in production, the lightweight, versatile 
Ryanav IV tells the pilot where he is, how to get to 
his destination and how to return home again regardless 
of his flight path or altitude. This unique capability 
enhances mission success and reduces pilot workload. 
And, the Ryanav IV has successfully undergone exten- 


sive testing and evaluation by the U. S. Army, Navy, 
Marine Corps, and Air Force. 

Ryan scientist-engineer teams are also deeply involved 
in programs which include: design of the newest 
V/STOL aircraft, applications of the Ryan Flex Wing, 
sophisticated versions of Ryan’s Firebee jet target drone, 
lunar landing systems, space radar systems, precision 
antennas, and lightweight space structures for space 
vehicles such as Mariner II, Saturn and Surveyor. 

You are invited to consult with Ryan on how its broad 
spectrum of capabilities can help solve your problems 
from space structures to weapons systems. 

RYAN AERONAUTICAL COMPANY. SAN DIEGO, CALIFORNIA 



FOR LIMITED WARFARE. Over strange 
jungle regions, deserts, mountains, seas, 
Ryanav IV is accurate, reliable and de- 
signed for ease of maintenance. 



ANTI-SUBMARINE WARFARE. Ryan pio- 
neered the application of Doppler radar 
systems to ASW missions and is the prin- 
cipal supplier for helicopters. 


R Y A N 

mmmmm 

ELECTRONICS 








Our stock in trade at General Dynamics/ Electronics is quick, authoritative answers to your audio or communication 
needs. Answers that take the form of complete and fully functioning systems. Off-the-shelf: usually. But off the drawing 
boards as well. Answers like these: 


■ Telephones for ship and shore communications. Our 
Automatic Dial Telephone Systems (Type IC/TDX-40G) 
are designed to withstand extreme vibration and high- 
impact shock. They're used on surface or submarine naval 
vesselsandforgroundsupportequipment.includingmobile 
vans. 100% trunkage. Attendant cabinets are included. 

■ Voice Signalling Systems. P.A. for above- or below-ground 
missile silos. Vibration and shock resistant. Packaged to 
provide any output power required. Speaker assemblies, 
ranging from 2.5 to 60 watts, include wall, ceiling, weath- 
erproof, and blastproof types. 

GENERAL. DYNAMICS | E 


■ Integrated Communication Systems — Automatic Dial 
Telephones combined with Public Address. Any telephone 
station serves both as a- normal communication channel 
and as a paging source. Normal microphone input is 
provided as well. 

Normal and high-level audio systems are available from 
our hardware stocks or from our years of experience in 
the manufacture of civilian, military and industrial com- 
munications. 

For information or catalogs, write us at 1457 North 
Goodman Street, Rochester 1, New York. 
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column has a microphone button, and 
combined elevator and rudder trim 
switch and an ICS switch. The right 
grip has a disengage sn itch for the au- 
tomatic flight control system, an aileron 
trim switch and an emergency- trim 
disengage switch. The co-pilot’s control 
column has the same switches in reverse 
order. 

The panel in front of the pilot has 
a standard flight group of instruments. 
The gyro horizon is independent, op- 
erating by itself with no connection 
with the indicator in front of the co- 
pilot. There is an angle of attack in- 
dicator. 

The direction indication instrument 
includes a compass repeater, distance 
measuring equipment and two needles 
which can be used with LF and UIIF 
direction-finding. 

The pilot also lias engine operating 
instruments stacked in pairs on the 
right of his panel. They include engine 
temperature indicators, torqucinetcrs, 
tachometers, engine gearbox oil pres- 
sure indicators, engine power section 
oil pressure indicators and oil tempera- 
ture indicators. 

The center front panel contains the 
data link and navigation display in- 
dicator. discrete message indicator, 
master lights test switch, liquid oxygen 
quantity indicator, cabin altimeter, fuel 
quantity gages, fuel flow indicators and 


CATAPULT NOSE TOW FITTING is on tl 

Nose gear folds straight back into the fus 
caution lights panel. The cautior 
lights panel has bars with lettering 
showing the system not functioning 
properly. 

The co-pilot's panel has. in ad- 
dition to the flight instruments, an 
outside air temperature indicator, a 
hydraulic pressure indicator, a trim in- 
dicator, and a wheel and flap indica- 

The co-pilot's horizon is a repeater 
indicator of the inertial platform of the 


central air data system. This system 
forms the heart of the navigation in- 
stallation used in feeding data into 
the computers for instant position de- 
termination of the aircraft and radar 
targets. 

The panels overhead in the center 
contain switches for fuel management, 
lights, anti-icing and anti-fogging, 
and electrical power. There is a 400- 
cyclc. 1 1 5-v., 60-kva generator on each 
engine. The circuit breakers arc 
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the Mercury Spacecraft 
Orbital Timing Device 

IS oibits without malfunction 


Operating as a precision time base, 
it provides an accurate measure- 
ment of time of day, time from 
launch and time to retro-grade 
signal, controllable via telemetry 
command link or by the Mercury 
Astronaut. Operation to date . . . 
flawless. 

THAT’S RELIABILITY 


Electronics engineers, who are interested in the 
design and development of equipment and 
systems for aerospace applications, will find 
challenging, broad-scope opportunities at 
MCDONNELL ELECTRONICS 
Closely allied to Ihe parent Corporation, the 
McDonnell Electronic Equipment Division de- 

support and airborne, missile and spacecraft equip- 
ment. The unique requirements of such programs 
as the Gemini two-man rendezvous spacecraft; 
the Phantom n fighter, attack and reconnaissance 
aircraft; and Mercury, Asset, Talos and Typhon, 
have opened positions at many supervisory levels 
as well as a host of engineering design, production. 
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[YEARS AWAY! 


Finding ways to help answer many of the mysteries of 
space beyond our own solar system is one of the unique 
capabilities of General Telephone & Electronics. 

In the very near future the National Aeronautics and 
Space Administration will launch a series of unmanned 
satellites equipped for far-reaching scientific research. 
One of these, an orbiting astronomical observatory, 
will permit detailed and quantitative astronomical ob- 
servations in the far ultraviolet spectrum from above 
the earth's atmosphere— for the first time! This satellite, 
complete with a high-powered telescope, will permit 
the analysis of the composition of interstellar gas and 
dust clouds— and provide further evidence for various 
theories on the origin of the universe. 

Locking the optical equipment onto its cosmic target 
requires extremely accurate sensing electronics which 
our scientists provide. (How accurate? 0. 1 seconds of 
arc— the equivalent of a telescope in Baltimore picking 
out the right eye of someone in Washington for detailed 
study of its color and brightness.) The optical data will 
be processed and digitalized by GT&E equipment for 
storage in the spacecraft’s “memory.” When the satel- 
lite is directly over ground antenna stations, the data 
will be radioed to earth. 

Contributing to America’s space knowledge through 
data processing, servomechanisms, signal processing 
and command guidance is representative of the many 
ways the scientists and engineers of the General Tele- 
phone & Electronics corporate family speed the nation 
forward in the race for space. The vast communications 
and electronics capabilities of GT&E, directed through 
Sylvania Electronic Systems, can research, design, pro- 
duce, install and service complete electronic systems. 
These systems include detection and tracking, elec- 
tronic warfare, intelligence and reconnaissance, com- 
munications, data processing and display. 

That is why we say the many worlds of peacetime 
and defense electronics meet at Sylvania Electronic 
Systems, Division of Sylvania Electric Products Inc., 
40 Sylvan Road, Waltham 54, Massachusetts. 
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aft in the overhead center. The mag- 
netic standby compass hangs in the 
center, back of the windshield. 

Engine starting is simple. After de- 
pressing a switch for 1 sec., the rest 
of the cycle is automatic. Only moni- 
toring of the engine rpm. and tem- 
perature gages is necessary. The con- 
dition levers are in the start position 
andpower levers are in ground idle. 

The ground idle power lever posi- 
tion produces about 13,820 engine 
rpm. This differs from other T56 and 


501 installations where ground idle 
rpm. is about 10,000. To taxi, the 
levers are advanced slightly. This 
changes the propeller blade angle 
enough to allow the engine thrust to 
move the aircraft forward. In ground 
idle some negative blade angle is neces- 
sary to overcome engine exhaust thrust. 

All taxi steering is done by the nose 
wheel control. Brakes are rarely used. 

When in position for takeoff, the 
power levers are advanced to the flight 
idle position. Engine rpm. stays at 


13,820. With a gear box reduction 
ratio of 12.49-to-l, the propeller rpm. 
is 1,100. 

When advanced from the flight idle 

S osition, the power levers control fuel 
ow only, not blade pitch. The propel- 
lers operate to maintain constant speed 
regardless of power. 

For takeoff, the power levers can be 
advanced as fast as desired. It is neces- 
sary to hold some right rudder. Direc- 
tional control can also be obtained by 
differential use of the two power levers. 
However, this would be needed only 
under the most exceptional circum- 
stances. The three rudders offer more 
than enough directional control even 
in strong crosswinds. 

Since the engines and propellers are 
already at full rpm., there is no sound 
change with application of power. Ac- 
celeration is very rapid, with the g-forces 
approaching those of the F-4B fighter. 

Rotation can be performed by casing 
the control column back anywhere from 
80 kt. indicated or higher. Optimum 
rotation speed is 95 kt. IAS. Climbing 
speed can be as low as 120 kt. To keep 
it this low, however, the climbing angle 
of the aircraft is so steep that forward 
visibility is blocked. For safety it is 
necessary to turn immediately so that 
the future flight path can be observed. 

It was found that about 1 50 kt. IAS 
was the most comfortable climbing 
speed. Initial rate of climb is in excess 
of 4,000 fpm. This is gradually reduced 
as the altitude increases. Operating alti- 
tude of the aircraft will be 30,000 ft. 

The flight control system is power 
operated. Linkage from the steering col- 
umn and rudders is by cables. Power is 
obtained from tandem hydraulic cylin- 
ders arranged on a single rod for each 
of the three axis controls. Control of 
the actuators can come from mechani- 
cal linkage or from electrical signals 
generated by the autopilot. 

Control forces are relatively light for 
an aircraft of this size. "Feel” is intro- 
duced into the controls by means of 
variable springs and by “q” sensors, 
which interpret the effects of speed and 
altitude. The changes in “feel" seemed 
exaggerated to this pilot, with consider- 
able flicking of the control column but- 
tons necessary with changes in speed 
between 90 kt. and 180 kt. while in- 
creasing or decreasing speed during the 
landing approach. 

At the 30,000-ft. operating altitude 
the cabin altitude remains well below 
the 5,000-ft, pressure level. At a maxi- 
mum 8.8 psi. allowed for the fuselage, 
this would allow 5,000-ft. cabin pressure 
at 3 5,000-ft. outside altitude. 

Standby oxygen from a liquid con- 
version system is available in the event 
of cabin pressurization loss. 

Operations at altitude are all con- 
ducted on the automatic flight control, 
or autopilot system. It is necessary for 
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the rotodomc to be in the proper atti- 
tude at all times to scan most efficiently. 
At an economical cruising speed at 

30.000 ft., about 10 deg. of flap would 
produce the proper aircraft attitude. 

All turns arc made "flat” in a skid. 
These can be made up to a rate of 6 deg. 
per sec. The autopilot does this when 
the flat turn lever is used. 

Stalls, unusual attitudes and steep 
turns were made between 8,000 ft. and 

12.000 ft. A power-off stall with gear 
and flaps up produced "shake” in the 
rudder panels at 100 kt. indicated, but 
the nose didn’t drop through until 83 
kt. indicated. Recovery was made in a 
normal manner before a wing dropped. 

With gear and flaps down, the air- 
craft was much more stable in a stalled 
condition. Wing attitude could be con- 
trolled by the ailerons. The aircraft 


could be flown at 85 kt. indicated. 

Tire landing pattern for the E-2A 
can be as small as that of a light plane, 
with tight turns being made in the base 
turn. A steep approach can also be made 
with no danger of the aircraft falling 
out when the flare is made. The down- 
wind leg is flown at 120 kt., with this 
being gradually reduced in the turn un- 
til 95 kt. is indicated before touchdown. 
Right hand turn landings should be 
made by the co-pilot because cross- 
cockpit visibility is restricted. By hold- 
ing a slightly nose high attitude and a 
small amount of power, the plane can 
be "greased” on. Nose high landings 
can also be made with more power to 
prevent heavy drop-out. 

Immediately after touchdown the 
two power levers are pulled to ground 
idle, then pulled outward and farther 


aft. This produces reverse pitch and 
rapid deceleration of the aircraft. 
Ground roll can be reduced to 1,500 ft. 
or less. 

Backing into a parking place is a rou- 
tine maneuver in the E-2A. The line- 
man gives standard directions to line up 
tail first to the parking place, then di- 
rects the pilot backward until the brake 
hold signal indicates the aircraft is in 
theproper place. 

The E-2A’s hydraulically operated 
brakes are sensitive and require only 
light touches by the toes to slow or 
stop. The pistol grip nose wheel steer- 
ing is also sensitive. It is necessary to 
hunch over slightly to reach the grip. 

As an airborne truck to carry a heavy 
load of operational gear, the E-2A is 
considered well suited for its task, with 
exception of cramped crew spaces. 
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Avro Vulcan Mark 2 V-bomber of No. 617 squadron carries a Blue Steel on a belly mount during a flyby at Scampton. Missile shown 
does not carry a nuclear warhead. Black rectangle between starboard engine exhausts might be an antenna for missile control system. 


First RAF Bomber Unit Equipped With Blue Steel 



RAF technicians at Scampton inspect Blue Steel AS.ST-1 Stentor engine in a test and servicing bay. Electronics and engine checkouts are 
accomplished with an integrated system called TOM (test set, over-all, missile) in missile storage and servicing center. 


AVIATION WEEK & SPACE TECHNOLOGY, Morch 4, 



Blue Steel is transported to V-bomber hardstand on mobile loader vehicle, on which missile is hung from davits. Weapon is then loaded 
onto smaller vehicle for placement on bomber. Lower fin of Blue Steel folds sideways to provide ground clearance. 


Now Operational 

Royal Air Force Bomber Command’s No. 
617 squadron at Scampton. Luelaud. last 
week became the first unit to reach opera- 
tional status with the Avro Blue Steel air- 
to-surfacc missile. Two more squadrons. 
Nos. 27 and 83, arc undergoing advanced 
operational training with Blue Steel, and 
several others have begun training programs. 
Nine of the last 10 Blue Steel firings from 
the Woomero, Australia, test range have 
been successful, according to the RAF. Brit- 
ish Defense Ministry is developing a new 
nuclear air-to-surface weapon to replace 
Blue Steel (AW Feb. 25, p. 29). Weapon 
is being developed for the Blackburn Buc- 
caneer naval strike fighter and the TSR.2 
low-level strike reconnaissance fighter. 



Bine Steels which have passed electronics and engine tests are placed in storage bay. left. Overhead crane is used for handling missiles. 
At right. Blue Steel is fueled with high-test peroxide. Water is sprayed on floor to guard against spillage combustion. 
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Design of Missile and Ground Support Equipment 
requires a thorough knowledge of materials. 

United States Steel Research has for many years 
devoted itself to the premise that men who work with 
materials deserve to know how those materials 
will perform under all conditions. 

This is just one of the ways in which United States Steel 
Research works for you. 


Creep-rupture properties of (usS) Stainless 
Steels at 1600°, 1800°, and 2000 F 


Creep and creep-rupture tests were made on an- 
nealed Stainless Steel sheets of AISI Types 302, 
309S, 310S, 314 and 316, and 310Cb at 1600°, 
1800°, and 2000°F, and on annealed Stainless 
Steel sheets of AISI Type 446 at 1600° and 
1800°F. 

In summary, the results of creep-rupture tests 
and metallographic and X-ray diffraction studies 
on these steels indicate that: 

1. The austenitic stainless steels have, in gen- 
eral, higher creep strengths than the ferritic Type 
446 Stainless Steel, although the difference in 
their strengths becomes less as the temperature 
is increased from 1600° to 1800°. 

2. Type 310S Stainless Steel has the highest 
creep strength and creep-rupture strength at 
1600° and 1800°, whereas Type 314 Stainless 
Steel has the highest strength at 2000°, probably 
because of its better oxidation resistance. 

3. Sigma phase did not form during long-time 


testing at 1800°F and 2000°F (but did form at 
1600°F) in Types 309S,310S.310Cb,314and316. 

The accompanying tables contain the data ob- 
tained by the testing. We will be happy to furnish 
full information on request. 

United States Steel offers creep and creep- 
rupture data on a wide spectrum of steels for 
elevated temperature service. In addition to con- 
ducting extensive research into the behavior of 
steels at elevated temperatures, we produce a 
full line of high quality steels for use at red 
heat. If you need data, let our Lab people sup- 
ply it. And if you want assurance of quality, 
specify USS when you buy. 

United States Steel Corporation • Columbia- 
Geneva Steel Division • Tennessee Coal and Iron 
Division • American Steel and Wire Division • 
National Tube Division • United States Steel 
Supply Division • United States Steel Export 
Company 


Table X. Chemical Composition of the Steels Investigated— Percent (Check Analyses) 


Table 2. Creep-Rupture-Test Results for the Steels Investigated 



Table 3. Rating of Steels Investigated 

Based on Their Extrapolated 10,000-Hour Creep-Rupture Strength 




Creep: At normal, ambient temperatures, 
a structure designed on yield strength de- 
forms to some extent immediately upon 
load application and then no further defor- 
mation occurs with time. But at elevated 
temperatures this same structure will con- 
tinue to deform with time. This continued 
deformation under load is called "creep.'' 
Creep eventually can result in "creep- 
rupture" when the ultimate strength of 
the material is reached. 

Designing for creep 

Creep rate depends on the applied stress, 
temperature, and the composition of the 

Creep tests establish finite values for 
the creep rates. This is fortunate from a 
design point of view for without such data, 
structures might be highly over-designed. 
With creep data in hand, the designer can 
select design stresses which recognize the 
occurrence of creep, at the same time 
limiting it to tolerable values within the 
contemplated life span of the system. 

Fracture due to creep raises another lim- 
itation. Here, the designer must consider 
time when selecting design stresses. The 
“time until fracture” variable for a given 
metal may be determined by creep-rup- 

Creep and creep-rupture tests are iden- 
tical except that in the latter case stresses 
are higher and the test is carried to failure. 
Essentially, test specimens are held con- 
stantly at the temperature of interest, un- 
der static load, and elongation is measured 
periodically. Customary testing time is 
from 1000 to 3000 hours, although it can 
range from several hours to over 10 years. 
The measured creep strength is commonly 
expressed as (a) the stress producing a 
creep rate of 0.0001% per hour, or (b) 
the stress for a creep rate of 0.00001% per 
hour at the given temperature. Rupture 
values are usually reported as the stress 
for fracture in 100, 1000, 10,000, or 
100,000 hours at the specific temperature. 

Design for elevated temperature struc- 
tures, therefore, must base design stresses 
on long-time creep and rupture strength, 
and take into account the limiting temper- 
ature determined by the scaling resistance 
of the material. 

When you’re faced with the subtle prob- 
lems of designing for maximum perform- 
ance at red heat, we invite you to talk to 
our technical representatives. We have 
some of the best high-temperature special- 
ists in the business. They're men who can 
help you with your problems. As a start, 
write for a copy of our data-packed book, 
“Steels for Elevated Temperature Serv- 
ice.” United States Steel, Room 6664, 525 
William Penn Place, Pittsburgh 30, Pa. And 
for assurance of quality when you specify 
high-temperature steels, specify USS. 


USS) United States Steel 
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Jet Commander Purchase Plan Detailed 


By David A. Brown 

Norman, Okla.— Performance parameters guaranteed for the Model 1121 
Jet Commander by Aero Commander, Inc., appear to be conservative by as 
much as 5% on the basis of data from preliminary flight testing. Initial tests 
ended last month, company officials said. 

Performance has been guaranteed by Aero Commander to within ±5% 
in a purchase agreement which calls for the aircraft manufacturer to pay 
prime rate interest on deposits placed by purchasers. 

Contract does not have an escalati 


clause and Aero Commander is holding 
to the S475.000 price originally quoted 
in May, 1961, for a plane in fly-awav 
condition but without extensive elec- 

Deposit of $2 5,000 is called for with 
the signing of the purchase agreement. 
Second installment of 5100,000 is due 
six months prior to the projected de- 
livery date. At this time Aero Comman- 
der will have written detailed specifica- 
tions on the aircraft and will be 
ordering various electronic packages, in- 
struments and other equipment for pro- 
duction models. 

Second installment payments will be 
called for late this year or in early 1964 
if the project maintains its schedule. 

Purchasers have the right to cancel 
their orders if the delivery date is de- 
layed more than six months, unless the 
dclav is bevond the manufacturer’s con- 
trol.' such as labor trouble, fires, etc. 
Deposits, including interest accrued, 
would be returned, provided written 
notice of cancellation is given Aero 
Commander during the first 50 days 
immediately after the six-month period. 

Purchaser also has the right to re- 
scind his order and have his deposits 
returned plus interest if delivery is de- 
layed more than a year, regardless of 
the reason. 

Final installment, including the bal- 
ance of the purchase price less the first 
two deposits and interest, is due on 
delivery of the aircraft. 

Aero Commander also is offering a 
comprehensive warranty on all except 
normal replacement parts in the Jet 
Commander, which guarantees the air- 
craft to be free of defects in material, 
workmanship and design. 

Warranty does not cover the General 
Electric CJ-610 turbojet engines, which 
will be covered by a GE warranty. 

Purchase agreement also calls for Aero 
Commander to furnish both flight and 
maintenance training to Jet Comman- 

Intercst payment provision in the 
purchase agreement was originated by- 
Thomas J. Harris, vice president and 
general manager of Aero Commander, 
to induce corporations to place orders 


backed by deposits of the necessary- 
value as much as 24 months prior to 
aircraft delivery. 

Aero Commander feels that the idea 
has enabled the company to take firm 
orders on more than half its initial pro- 
duction batch of 50 aircraft. Total of 
26 Jet Commanders now are on order, 
with eight having been received since 
the first flight Jan. 27 (AW Feb. 4. 
p. 91). 

Aero Commander's break-even point 
in the Jet Commander program is be- 
lieved to be 75-100 aircraft. 

Company has proposed that the mili- 
tary use the aircraft as an off-the-shelf 
utility transport and - or instrument 
trainer. Some interest has been evi- 
denced bv the Annv and USAF, but no 
contracts have been negotiated. 

Aero Commander's purchase agree- 
ment has guaranteed the aircraft to 
have a minimum design operating 
weight of 8,000 lb. and a maximum de- 
sign weight of 14,000 lb. Maximum 
operating altitude is guaranteed to be 

40.000 ft., and cruise speed above 

20.000 ft. is guaranteed at Mach .80 
true indicated airspeed. 

No major changes appear necessary 
in the six-place, twin-jet executive air- 
craft to enable it to meet or exceed all 
perfonnancc guarantees, according to 
Ted R. Smith. Aero Commander vice 
presiden t-enginccring. 

Ccneral engineering evaluation of the 
Jet Commander was conducted during 
the Phase One flight program. Total of 
18 hr. and 50 min. flight time was ac- 
cumulated on the No. 1 prototype, 
which was then partially tom down to 
pennit more extensive instrumentation 
prior to beginning Phase Two flight 

Phase One flight test program inves- 
tigated general performance character- 
istics of the Model 1121, stability in all 
three axes and flight stability with the 
center of gravity at 26-29% mean aero- 
dynamic chord. 

Test results indicated that the aircraft 
has stall characteristics superior to the 
company's piston-engine Model 680F. 
Heavy stall buffet was encountered 
about 10 kt. above stall speeds and 


Smith said that no stick shaker is con- 
templated to warn pilots of an impend- 
ing stall. 

While in a stalled condition, test 
pilots rqjortcd that it was possible to 
roll the aircraft 45 deg. to one side, then 
reverse and roll it 45 deg. to the other. 

Aircraft has climbed to 55,000 ft. at 
250 kt. IAS in 10 min. 10 sec., an aver- 
age of better than 5,000 fpm. At max- 
imum gross weight of 14,000 lb., initial 
rate of climb was 5.500-6.000 fpm. 

Jet Commander has flown at Mach 
.84— Mach .04 faster than design cruis- 
ing speed above 20.000 ft.— without en- 
countering compressibility buffet. 

First Jet Commander prototype has 
been instrumented with pressure pick- 
ups on the wing and fuselage to sense 
spanwise air and pressure loads. Air- 
craft is due to resume flying here today 
and will accumulate approximately 5 hr. 
more flight time before being flown to 
Mojave, Calif., about Apr. 1, to begin 
Phase Two tests. Remaining flying at 
Norman will be mainly to allow photos 
to be taken and for other sales promo- 
tion work. Second prototype will follow 
it to Mojave in about three months. 
Third prototype will remain at Norman 
and begin water tank tests about mid- 

Acro Commander hopes to submit 
the Model 1121 test proposal to Federal 
Aviation Agency in approximately six 
months and hopes to begin FAA certifi- 
cation testing by November. Current 
schedule calls for the company to re- 
ceive a type certificate by April, 1964. 

Company will put the aircraft through 
an FAA-type test program before begin- 
ning actual FAA test work and the firm 
hopes to be able to use some of the data 
obtained in the program to speed the 
FAA certification. 

In another move to speed flight test 
work on the Model 1121, Aero Com- 
mander has installed an IBM 1620 com- 
puter and a Gerber GDDRS-5B digital 
data reduction system here to handle 
data from flight tests. Data obtained 
during flights will be recorded by an 
automatic oscillograph system, a photo 
panel system and a Lockheed Lori-2 
camera placed in the aircraft to record 
takeoff and landing data. 

Gerber system can program this data 
on IBM cards which are then fed into 
the 1620 computer. Computer, using a 
formula translation (Fortran) system, 
produces final results in columnized, 
written form and in a variety of formats 
as selected by the system operator. 

Company estimates that it provides 
approximately a 50-1 reduction in man- 
hours needed to reduce a given amount 
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of data. Accuracy also is improved. 

Aero Commander's philosophy in de- 
signing the Jet Commander has been to 
produce an aircraft with turbojet per- 
formance. but without jet complexity. 
Simplicity has been the keynote and 
what Smith terms the “swept-wing con- 
cept" has been avoided whenever pos- 
sible. Commander has attempted to 
have systems designed to a package con- 
cept, either bv a vendor or bv the air- 
frame manufacturer itself. 

General Electric, for example, has de- 
signed the entire electrical system as a 
package. AiResearch Div. of Garrett has 
done the same with the pressurization 
and air-conditioning system. 

In line with the philosophy of sim- 
plicity, Commander designed a simple 
rigid structure of 2024 and 2014 alloys 
for the aircraft. Where fatigue life was 
not a factor. 7075 alloy was used. Initial 
flight test results indicate that this struc- 
ture is providing better damping of gust 
loads than had been anticipated. 

Wing consists of two main panels 
integrally joined at the root centerline. 
Structure assembly has three full span 
spars at the 5%, 25% and 65% chord 
positions. Original plans called for a 
two-spar wing, but the three-spar wing 
was found to be as practical from a pro- 
duction standpoint and the spar at the 
5% chord line was added. This allows 
the wing to be more easily adapted to 
de-icer boots, which are optional. 

Anti-ice boots are electrically ener- 
gized and will be optional on the 
empennage as well as the wing. They 
will be standard on engine air inlets. 

During Phase Two flight testing. Jet 
Commander will be flown in conjunc- 
tion with a KC-155 equipped with a 
water spray device in anti-icing tests. 

Mid-wing design was chosen because 
it affords a minimum of center of gravity 
travel and eliminated the necessity of ex- 
tensive fillets to provide aerodynamic 
fairing. 

Landing gear loads are carried by two 
beams running longitudinally in the 
wing and two chordwise members. 
Landing gear retracts outward into the 
wing. On the No. 1 prototype, the 
wheel is faired in but not covered while 
in the retracted position. Method which 
may be used on production models has 
not been determined, but the wheel 
may be covered or may remain only 
faired as at present. 

Wing is covered with aluminum skin 
ranging in thickness from .10 in. at the 
root to .040 at the tip. Skin is at- 
tached to the spars by bolts and counter- 
sunk machine riveting, then sealed to 
the base structure to provide integral 
tanks (AW May 8, 1961. p. 92). Blad- 
der cell tanks are installed in the area of 
the wing inboard of the fuselage wall, 
in line with FAA regulations. 

Split flaps, attached at the 75% chord 

WEEK & SPACE TECHNOLOGY, i 


PROBLEMATICAL RECREATIONS 160 



is worth fewer points than a field goal. What is the point value 
of each? -Contributed 

Our USECO Division invites you to send for their new brochure 
on molded plastic cups for encapsulating electronic components 
or modules. You'll find it a most complete description including 
a list of shapes and sizes available, specifications, and encapsula- 
tion procedures. Ask for a copy from U.S. Engineering Company, 
13536 Saticoy Street, Van Nuys, California, or 456 Sylvan Avenue, 
Englewood Cliffs, New Jersey. 

answer to last week’s problem: A little time will reveal 
KING = 3721 and KNIGHT = 327184. 

E LITTON INDUSTRIES, INC. 

Beverly Hills, California 
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Faker. 


The rocket-powered Northrop RP-78 acts just like the real thing. An enemy bomber. It flies at Mach 1.3. Operates at 
68,000 feet. Carries out evasive maneuvers by remote control throughout its entire flight. Attracts all operational 
missiles, including heat-seeking types. Is it an enemy bomber? Or is it the RP-78? It’s hard to tell the difference. 

NORTHROP VENTURA 



lb. gross weight, gust load factors are 
+7.5g to — 5.5g. 

Wings are scaled by Minnesota Min- 
ing and Manufacturing Scotch-Weld 
process to enable them to serve as inte- 
gral fuel tanks. Wet wing tankage, plus 
internal bladder tanks in the wing area 
enclosed by the fuselage, contains 72 s 
gal. In addition, there will be a 250-gal. 
rubber cell tank in the fuselage at a 

E osition where fuel from the wings can 
e gravity-fed to it. Tin's tank, which 
will be divided into two sections, will 
act as a sump tank. 

Divider will separate the fuel System 
into two independent areas, one for 
each engine. Electric interconnect 
valve will be submerged in the sump 
diaphragm to allow fuel cross flow. In 
the event of engine failure, all fuel in 
the system would be available to the 
remaining engine. Cross-feed system 
will not be pressurized. 

Tanks will be able to withstand 125% 
of the maximum air pressure developed 
in the tankage due to ram pressure. 

Exact location of the fuselage tank 
has not been determined. Original po- 
sition was above the wing, but this has 
been abandoned to allow gravity feed to 
the fuselage tank. 

System incorporates a.c. and d.c. 
boost pumps as well as engine-driven 


Dome-Joining Ring for S-1C Completed 

Ring used to join the elliptical domes of propellant tanks to cylindrical sides of tanks of the 
Saturn S-1C booster was completed recently by Boeing Co. at Michoud, La. (AW Feb. 25, 
p. 28). The 33-ft.-dia. ring is made from three welded aluminum alloy billets, each weigh- 
ing 5.600 lb. Ring will be joined to a NASA S-1C propellant test tank at Marshall Space 
Flight Center, Huntsville. Ala. The propellant test tank will be used by the space agency 
for pressure and hydrostatic tests. 


ENGINEERS 

We offer excellent opportunities 
at all levels for the experienced 
Engineer with a background in 
contract requirements and tech- 
nical contract language. Should 
have ability to present oral and 
written proposals and be inclined 
towards administrative responsi- 
bilities. 

Requires an engineering degree. 
Legal background very desirable. 
Investigate these immediate 
openings by sending your com- 
plete resume, in confidence, to: 
Thomas I. Thrasher, Professional 
Employment Manager, 834 West 
Peachtree Street, Atlanta 8, 
Georgia, Dept. H-75 

LOCKHEED-GEORGIA 

COMPANY 

A Division of Lockheed Aircraft 
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pumps. Engine-driven pumps have been 
flight tested to 53,000 ft. 

Standard fuel in the system will be 
kerosene (JP-1), although the engines 
can use /P-4. Engines also can use 100 
octane aviation gasoline within limits 
of not over 25 hr. of operation in a 600 

Fuel gaging system measures fuel 
quantity, fuel flow to each engine and 
total fuel used by each engine. Filters 
and fuel heaters arc installed to meet 
CAR Part 4b requirements. 

Tail Construction 

Horizon tal tail has a sweep of 2S deg. 
to keep it free of compressibility effects 
and allow it to provide control during 
extremely high speeds. 

Both horizontal and vertical empen- 
nage members use a construction similar 
to the wing with two spars and alumi- 
num alloy skin. Control surfaces arc 
1 00 % mass balanced and 8% aerody- 
namicnllv balanced. 

Elevators arc attached at the 70% 
chord line of the horizontal surface. 
Rudder is attached at the 67% chord 
line of the vertical surface. Stabilizer 
can be adjusted mechanically. Upper 
121 in. of the vertical fin is plastic to 
house the communication antennas. 
Anti-collision light is installed in the 
forward portion of the fin top. 

All control surfaces arc moved by 
mechanical push-pull members and ca- 
ble linkages. 

Jet Commander has no control boost 
Systems, again in line with the simplic- 
ity concept. 

Both flight controls and engine con- 
trols. which also are mechanical, are 
installed on anti-friction bearings. 

Electric drive connected to the me- 
chanical system, originally envisioned as 
a supplement for the manual control 
wheel, has been dropped from the 

Fuselage Sections 

Fuselage is constructed of four main 
members-a sled or bottom, which is a 
four-beam assembly, two side sections 

Sides can be constructed in a panel 
jig and the fuselage brought together in 
a mating jig. 

Skin is of .072-in. thick alloys, and 
is chemically milled after forming to 
.040 thickness to form integral doublers 
in areas around door and window cut- 
outs and to provide fail-safe crack or 
rip stoppers. 

Fuselage ring-type frames are made of 
hydropressed sheet metal sections. Stiff- 

Seven 14 x 15 in. triple-pane win- 
dows, built by Goodyear, are installed 
in the cabin. Two of the windows pro- 
vide 19 x 26 in. emergency exit ports. 
Pilot's compartment has two 164 x 204 
in. side windows plus two electrically 
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heated windshield panels with a total 
area of approximately 1.5S5 sq. in. 

Fuselage is pressurized in the cabin 
area to an operating limit of S psi. Min- 
imum relief valve setting is 8.5 psi. 
Pressurization system utilizes bleed air 
from the engines and is designed to 
provide normal pressurization t” ap- 
proximately 30.000 ft. with only one 
engine operating. 

Plug-type cabin door is loaded against 
retention buttons on the fuselage when 
the cabin is pressurized. 

Baggage and electronics compart- 
ments currently are located in the fuse- 
lage beneath and aft of the wing, but 
their location in the production model 
Jet Commanders has not been deter- 
mined. Baggage compartment will have 
approximately 45 cu. ft. volume. 

Other access doors are located in the 
cabin floor to provide access to control 

Landing gear doors enclose the nose 
gear, which retracts rearward into the 
forward fuselage. 

Landing gear is composed of elcctrol- 
designed oleos and struts and Goodyear 
wheels, brakes and tires. Oleos bas e a 
maximum operating travel of S in. 

Main gear, which also is used as the 
aircraft’s dive brake, has single 24 x 7.7 
wheels and uses a normal tire pressure 
of 1 1 5 psi. Dual disk brakes arc pro- 
vided. 

Nose gear has dual, co-rotating wheels 
and 16 x 4.4 tires, hydraulically steer- 
able through 90 deg. (45 deg. either 
side of the aircraft's longitudinal axis). 

Power bralcc vaivcs'arc controlled by 
the rudder pedals. Brake valve pressure 
is from the main hydraulic system. 

Nose gear steering is controlled by a 
wheel on the left side of the pilot's 
compartment which operates a servo 
valve and a mechanical follow-up sys- 
tem to prov ide steering power. 

General Electric CJ-610 engines, 
which develop 2,700 lb. thrust each, 
arc mounted in contour nacelles on 
cither side of the fuselage so that the 
engine inlet is aft of the wing trailing 
edge and exhaust ports are forward of 
the horizontal stabilizer leading edge. 

Cowl doors provide access to the 
engine for maintenance and inspection 
and an engine may be removed and re- 
placed in approximately 4 hrs.. Smith 

Electrical System is primarily 2S 
v. d- C; supplemented by a 1 1 5 v. 400 
cycle a.c. power. Two systems arc inde- 
pendent. Paralleling relays for the gen- 
erators and voltage control systems are 
located in the equipment compartment 
of the fuselage aft of the wing trailing 

Electrical distribution is via a split 
bus arrangement which isolates major 
distribution systems from other systems. 


Aeronautical Engineers : 


If you want to do research work 
on advanced aircraft concepts 


Join the TRECOM team 


Yes, wc stressed AIRCRAFT because we-the Army's 
Transportation Research Command (TRECOM)— want to hear 
from only those engineers who are truly interested in research- 
ing the future of subsonic airborne vehicles. No satellites, solar 
probes or moon rockets for us— just high performance heli- 
copters, VTOL and STOL aircraft, and exotic individually-con- 
trolled airlift vehicles. 

“Just” the sort of subsonic aircraft that will be extensively 
needed for troop transport, surveillance, logistics, and special 
missions-many of which will have a bright future on the com- 
mercial marketplace as well. Here arc some of the projects in 
the works at TRECOM today: 

• A flexible wing vehicle capable of being packed into a para- 
chute-sized space will be used by airborne combat troops for 
speedy, directed attack. • The XV-4A VTOL aircraft uses 
the jet ejector principle for carrying two men at high subsonic 
speeds. • A new Hot Cycle Pressure Jet Rotor System repre- 
sents a revolutionary technique for increasing helicopter 
speed and payload. • Small rocket lift devices (Rocket Belts) 
have been tested by propelling a man through a series of 
low-level maneuvers. 




TT Q A 13 TV /TV TRANSPORTATION 
w . O . zinivl X research command 

TRECOM 

Fort Eustis, Virginia 
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HELIOTEK ASSEMBLY AREA (left) processes portions of the N-on-P silicon solar cell. Firm is one of a number of manufacturers produc- 
ing the new cells for military and civilian satellites. Swept-field solar cell (right), developed by Electro-Optical Systems. Inc., and evaluated 
with conventional P-on-N and N-on-P solar cells by NASA, shows radiation resistance promise. Short-circuit current of this cell type 
experienced less degradation when irradiated by 1 mev electrons than other cells, although cells were less efficient. 


N-on-P Solar Cells Gaining 

By Barry Miller 

Los Angeles— Most U.S. earth satellites will be switching over to more 
radiation resistant types of solar cells during the coming year as a consequence 
of the enhanced high-energy radiation belt revealed after last summer’s 
Johnston Island nuclear explosion (AW Sept. 17, p. 32) and recent tests 
conducted by the National Aeronautics & Space Administration. 

These tests, first reported by Aviation Week (Feb. 11, p. 107), clearly 
indicate the radiation resistance superiority of new commercially available 


N-on-P cells over conventional, widely 

Satellites thought to be subject to en- 
ergetic particle radiation include those 
orbiting the earth at altitudes ranging 
from several hundred to several thou- 
sand miles. NASA’s Relay 3, and pos- 
sibly Relay 2 communications satellites, 
the Nimbus and future Tiros meteoro- 
logical satellites are among spacecraft al- 
most certain to derive electrical power 
from N-on-P solar cells. Contracts to 
supply these cells for Nimbus and Relay 
were being negotiated in recent weeks 
with Radio Corp. of America’s Electron 
Tube Div. 

Navy’s Transit navigation satellite 
program also is being provided with 
N-on-P solar cells by both Hoffman Elec- 
tronics and Heliotek, a division of Tex- 
tron Electronics, Inc. USAF’s revised 
Saint inspector satellite program is vir- 
tually certain to adopt N-on-P cells (the 
Discoverer-Midas satellite program was 
also programed to adopt N-on-P cells 
when Midas was cut back). Whatever 
merit is attached to arguments about 
last summer’s high-altitude explosion in 
the Pacific (AW Feb. 4, p. 19), it did 
serve to notify the military of effective 


used P-on-N cells. 


countermeasures against solar-powered 
earth satellites. And N-on-P solar cells 
may be part of the counter-counter- 
measures. 

Growing number of other, smaller 
NASA satellites, including S-17. STS 
and S-52, have converted or are in the 
process of converting to N-on-P cells. 
Notable exceptions to this trend— so 
long as N-on-P cells remain more expen- 
sive than P-on-N cells— will be inter- 
planetary probes such as the Mariner 
spacecraft, which pass only briefly 
through high-radiation rate zones on 
their long trajectories toward planets. 

By late this year, one solar cell ven- 
dor estimates, 75% of his industry’s 
sales will be in N-on-P types of cells. 
But the consensus of solar cell manufac- 
turers questioned recently by Aviation 
Week & Space Technology is that 
with the exception of awards for some 
spacecraft previously mentioned, plus 
other smaller orders, very little N-on-P 
business has yet materialized. 

Recent tests conducted by NASA 
with the assistance of the Naval Re- 


Wider Use 

search Laboratories indicate that pro- 
duction type N-on-P silicon solar cells 
of seven different solar cell manufactur- 
ers, not simply experimental cells, show 
a factor of 10 improvement in their 
ability to resist degradation of 1 million 
electron volts (mev) electrons compared 
with conventional P-on-N cells. 

These tests confirm earlier expec- 
tations and tests. The seven manufac- 
turers which supplied samples for the 
tests were Amelco, Heliotek, Hoffman, 
International Rectifier, Radio Corp. of 
America, Texas Instruments and West- 
ern Electric. 

Table on p. 89 indicates the per cent 
measured degradation in short circuit 
current for 10 solar cell samples exposed 
to doses of 1 mev electrons in steps 
from 10“ to 10“ electrons/cm. squared. 
Degradation from sample lot to lot for 
the seven N-on-P sample groups ap- 
peared to be roughly comparable, indi- 
cating the industry has mastered tech- 
niques for manufacturing this type of 
cell. Extreme righthand column of the 
table shows maximum power change at 
the 10” level. All cells were evaluated 
against a Goddard specification, drawn 
up on the basis of Telstar experience 
and designated 63-106. 

Specified levels are shown in the bot- 

Samplc designated A in the table is 
a P-on-N type and changes in its short- 
circuit current arc greater than for the 
remaining nine samples, which include 
besides the seven manufactured types, 
two experimental types (identified as E 
and J) made by Electro-Optical Systems. 
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Per Cent Change in Solar Cell Short-Circuit Current 




10'* 

10“ 


P-on-N A 

24.6 pc. 

45.3 pc. 

64.7 pc. 

77.9 pc. 

05.6 pc. 

N-.n-P (1 ohm-cm.) B 

1.6 

8-6 26.6 


59.7 

N-on-P (1 ohm-cm.) C 


12.5 30.2 

51.0 

50.7 

N-on-P (1 ohm-cm.) D 

0.9 

10.4 29.3 

52.5 

59.2 

N-on-P (25 ohm-cm.) E 

0 4.3 22.5 

34.4 

48.1 

N-on-P GO ohm-cm.) F 

1.9 9.3 25.1 

40.3 

52.1 

N-on-P (10 ohm-cm.) G 

2.0 

11.0 26.2 

41.1 

52.6 

N-on-P (I ohm-cm.) H 

3.1 

13.7 33.1 

56.4 

63.6 

N-on-P Drill-Fiold J 

o 

1.1 

10.9 

24.6 

42.8 


2.5 

13.7 

32.4 

53.6 

63.1 

PC. Chongo Allowed By NASA 

RESULTS OF NASA EVALU 

solar cells clearly indicate su 

NASA specifications of pern 
clectron/sq. cm. levels. Onl 

ATION o 

jeriority o 
c compar 
issiblc cha 
two sam 

these ne 
d at varyi 
nges in sh 
les fail to 

ally avail 
cr cells i 

irt-drcuit 
meet spe 

ble N-on- 
o P-on-N 
ideation. 

’ type silicon 

cell and new 
corresponding 


One of the latter is a high-resistivity 
N-on-P cell, the other a swept field cell, 
developed bv the company under NASA 

C ofthe seven N-on-P commercial cell 
samples, two use 10-ohm-cm. silicon 
(F-Heliotck, G-Hoffman) as a base ma- 
terial and five har e one ohm-cm. mate- 
rial (B-Amclco, C-Texas Instruments, 
D-Westem Electric). 

A plot of short-circuit current normal- 
ized with respect to short-circuit current 
before exposure and then sketched as a 
function of integrated flux, for figures 
cited by NASA, provides a family of 
curves for different cell types. Each 
curve falls off at about 20% per decade 
starting with the P-on-N sample at 10" 
level, followed by N-on-P (1 ohm-cm.), 
N-on-P (10 ohm-cm.), etc. From these 
curves, a factor of 10 improvement in 
short-circuit current can be seen for 1 
ohm-cm. N-on-P over the P-on-N, a 2.5 
to 3 improvement for 10-ohm-cm. 
N-on-P over 1 ohm-cm. N-on-P and a 
slightly smaller improvement in 25- 
ohm-cm. material N-on-P over the 10 
ohm-cm. cells. 

Price Differential 

Thus, resistance to degradation 
caused by high-energy radiation appears 
to improve with higher resistivity mate- 
rials, but manufacturing yields tend to 
decrease with increasing base resistivity, 
accounting in part at this time for some- 
what higher prices of N-on-P cells. 
The present price differential between 
N-on-P and P-on-N cells ranges between 
a few per cent and 25% for comparable 
efficiency cells, according to comments 
of solar cell vendors. 

For a given flux, the cited family of 
normalized short-circuit current curves 
would suggest that an increase of 20% 
in solar cell area using P-on-N cells 
would give resistance to shallow level 
radiation comparable to that provided 
by 1 ohm-cm. N-on-P cells. And for 
particular applications requiring higher 
open circuit voltage, the P-on-N cells 
may be preferred. 

NASA’s tests reportedly are continu- 
ing with the next step involving irradia- 
tion of cells by 4 mev protons. The 
N-on-P cells are expected to be superior 
to P-on-N in resistance to protons, but 
only by a factor of about three. The 
tests reported were conducted with solar 
cells themselves not in filtered assem- 
blies whose performance might differ. 

For its tests, Coddard obtained sam- 
ples of 100 N-on-P cells from each of 
seven manufacturers, then selected 15 
of each manufacturer’s cells which had 
air mass efficiencies of at least 10.5%. 
Besides these, samples of experimental 
Electro-Optical cells of 8% efficiency 
were added to the test lot. 

Short-circuit current of the solar cell 
samples was measured when illuminated 
by a reflector flood bulb calibrated to 


2800K color temperature. One cell of 
each 15-cell sample was held as a ref- 
erence and the remaining 14 were ex- 
posed to 10” electrons/cm. squared. 
Short circuit current of the irradiated 
cells was remeasured, one cell was re- 
moved and the remaining 13 irradiated 
to 10“ 1 mev electrons. This process of 
measuring short-circuit current of the 
sample, removing one cell and exposing 
the remainder of the sample was re- 
peated for successive decades of radia- 
tion until nine cells of each sample were 
exposed to 10“ 1 mev electrons. Then 
the short circuit current of all cells was 
measured. 

On no occasion did short circuit cur- 
rent changes exceed specified limits at 
10" and 10“, so these data are not in- 
dicated in the accompanying table. At 
10“ 1 mev electrons, the P-on-N sam- 
ple exceeded the specifications by a fac- 

For the tests, all cells were placed on 
an aluminum wheel rotated slowly un- 
der the beam tube of a Van dc Graaf 
generator, with each cell passing through 
the axis of the tube six inches below its 
exit window. Deviation in uniformity of 
integrated flux from one cell to another, 
according to William R. Cherry who 
heads the Space Power Technology 
Branch of Goddard’s Spacecraft Tech- 
nology Division, did not exceed 1% at 
10“ electrons/cm. sq. and was less at 
larger doses. Time required to reach 
each dose level ranged from two min- 
utes at 10“ clectrons/cm. sq. to 14 hr. 


at 10“. By measuring the output of a 
radiation damaged solar cell relative to a 
Faraday cup, scientists calibrated the 
flux. 

The error of total dose measurement 
was within 10%. 

In response to queries, solar cell 
manufacturers indicate preparedness for 
high volume N-on-P solar cell produc- 
tion, although this was not uniformly 
true last fall when it first seemed likely 
that a switch to these cells would be- 
come necessary. The basic fabrication 
difference between the two types of 
solar cells centers on the preparation of 
single crystal base material which is 
doped during growth to make ’it either 
N type for P-on-N or P type for N-on-P 
cells. For most cell makers, previously 
in P-on-N cell production, changes 
were necessary in crystal growth facili- 
ties to make the new cells. 

Optical Coating 

Besides the poorer yield at higher re- 
sistivities, there is another factor which 
contributes to higher N-on-P cost. The 
N-on-P cell emerges from the process 
of diffusion with a 30 to 35% reflec- 
tivity requiring for its reduction an 
optical coating not necessary for the 
P-on-N cell. As a rough indication of 
the price differential, Heliotek, one of 
the earliest of the commercial manufac- 
turers to produce quantities of N-on-P 
cells for a spacecraft, estimates the price 
of N-on-P cells to be about the same 
as those of P-on-N cells of one effi- 
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helping NASA plan the systems needed to get man there and back. • This important task 
offers rewarding opportunities to men experienced in the fields of physics, engineering, mathematics, 
flight mechanics, propulsion, man-machine relationships, aerodynamics, and aeronautical engineering. 
• If you believe you have the professional ability and training to engage in this complex work, Bellcomm 
will give your resume prompt, thoughtful study. Send it to Mr. W. W. Braunwarth, Personnel Director, 
Bellcomm, Inc., Room 503C, 1737 L St. N. W., Washington 6, D.C. Bellcomm, a new Bell System company, 
is an equal opportunity employer. 
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ciency group lower. This company 
makes P-on-N cells of 13% efficiency, 
N-on-P cells about 12%. 

Exact reasons for superior perform- 
ance of N-on-P cells in radiation en- 
vironment is not entirely pinned down, 
but it appears to relate to increased dif- 
fusion coefficient of electrons in P-type 
base region. Ironically, the Russians are 
reported to have been using N-on-P 
type solar cells consistently in their 
solar-powered spacecraft, a practice at- 
tributed to an initial inability to make 

D uality N-type silicon necessary for 
-on-N cells rather than to a recogni- 
tion of the superior performance of 
N-on-P cells in radiation environments. 
Industry Capability 
A check of solar cell manufacturers 
indicates no lack of N-on-P manufac- 
turing capability, in partial contrast to 
last rail when NASA spokesmen began 
warning industry of the likely need to 
switch to radiation-resistant cells. Typ- 
ical of these are: 

• RCA— In production of N-on-P solar 
cells and modules at its Mountaintop. 
Pa., plant, in part to satisfy demand of 
two contracts-a 5190,000 initial fund- 
ing increment under NASA letter con- 
tract for 50,000 cells for Nimbus and 
an 5800,000 contract from the com- 
pany's Astro-Electronics Div. for solar 
cells for Relay vehicles (AW Dec. 24 
p. 24). Like other manufacturers, RCA 
makes either 1 x 2 or 2 x 2 cm. cells, 
blue shifted. Their efficiencies are about 
10% in tungsten light. Availability de- 
pends on size, shape, thickness and 
type of module, shingle or butting ends 
as specified by customers. The com- 
pany reports it will start delivery about 
30 days after receipt of customer speci- 
fications. For the Relay program, RCA 
will supply 20 panels of 1 ,000 cells each 
for the two Relay satellites and back- 
ups. Its contract covers costs of studies, 
bonding and glass coverings for the cells. 
With these costs calculated, average 
cell cost would run S40. 

• Hoffman— Making both P-on-N and 
N-on-P cells with conversion of facilities 
for production of the newer cells as 
complete as it can be. Prices presently 
are running as much as 25% higher 
than those of comparable P-on-N cells, 
but once in full production, the differ- 
ential probably will disappear, according 
to Hoffman, a veteran supplier of solar 
cells. 

• International Rectifier— Prepared for 
volume production of N-on-P cells, cur- 
rently producing them at the rate of 
2,000 a week. Efficiencies do not match 
those of P-on-N cells, arc running about 
10 to 10.5% with prices about 10 to 
15% higher. 

• Texas Instruments— Has constructed 
a modular balanced production line with 
a potential capacity of 1 50,000 cells 


per month. The company's N-on-P 
solar cells have been used in space 
aboard solar panels made by Lockheed, 
presumably as part of the USAF Dis- 
coverer series. 

• Amelco— Prepared for high-volume 
production. 

• Heliotek— Capable of producing either 
N-on-P or P-on-N cells. It has made 
and is making N-on-P cells for several 
programs. 

The swept field or graded-base region 
solar cell being developed by Electro- 
Optical Systems appears to show prom- 
ise as a radiation resistant solar cell, the 
NASA tests indicate. 

The company says it has made cells 
with efficiencies in excess of 10%, but 
those delivered to NASA for its tests 

This cell has two graded impurity 
regions. One of these produces the 
N-P junction, the other provides a 
sweeping field in the base region of the 
cell, according to an American Rocket 
Society report prepared by Electro Op- 
tical scientists. 

The sweeping field accelerates the 
carriers toward the junction, thus re- 
ducing their transit time, sidestepping 
the effects of a reduced diffusion length 
(the reduction in diffusion length is a 
consequence of the shortening of the 
average life of photon-induced carriers). 

Laser Beam Transmits, 
Receives TV Pictures 

New York— Laboratory model of a 
laser communications system which 
transmits and receives television pictures 
was demonstrated here recently by 
General Telephone & Electronics Corp. 

System fed a conventional television 
signal and a continuous microwave sig- 
nal into a traveling wave tube to form 
a video-modulated microwave signal. 
Modulated microwave signal was then 
fed into an electro-optic light medulator 
with a 6,328-Angstrom laser beam pass- 
ing through it. 

Laser beam emerged from the modu- 
lator, carrying the television signal su- 
perimposed on the microwave signal to 
an optical receiver, which used a travel- 
ing wave tube photodetector to convert 
the laser light signals to microwaves. 
Amplified microwaves were demodu- 
lated and fed into a conventional tele- 
vision receiver. Picture and sound 
resolution were good. 

Television signal was used as a tracer 
to prove that the laser was carrying a 
microwave signal. 

Laser’s large signal-carrying capacity 
gives it good potential for use in high- 
density space communications, com- 
pany officials said, but practical applica- 
tions will not be developed for five to 
10 years. 
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An elegant, blit tiny refrigerator, utilizing 
the Nernst-Ettingshausen effect, has been 
demonstrated in the Solid State Physics 
Laboratories at Lockheed Missiles&Space 
Company. This type of cooling is appli- 
cable below 200° Kelvin, where thermo- 
electric cooling is no longer efficient. It 
shows particular promise for space appli- 
cation because of the reliability inherent 
in its all-solid state construction. 

In the Nernst-Ettingshausen effect, heat 
is pumped as a result of an electrical cur- 
rent flowing in a magnetic field. The heart 
of the present device is a bismuth anti- 
mony single crystal. Other crystal sys- 
tems are also being investigated. 

This thermomagnetic cooling device is 
one of the results of the Lockheed research 
program intransportphenomena in solids. 


Another investigation concerns the 
quantum theory of the electronic structure 
of crystals. An ingenious computer pro- 
gram has been devised for determining 
the essential features of the energy band 
structure of a wide variety of crystals. 
Results for a given case can be obtained 
in an hour or less. Conclusions drawn 
from the theoretical solution elucidate 
many of the electronic properties of crys- 
tals, and have widespread significance. 

Lockheed scientists and engineers are 
also studying: Electron spin echo phe- 
nomena: the interaction of electrons with 
microwave phonons; coupled traveling 
waves in crystals; semiconductor lasers; 
antiseromagnetic resonance; various 
theoretical and experimental aspects of 
superconductivity. 


LOOK AT LOCKHEED. ..AS A CAREER 

Consider Lockheed's leadership in space 
technology. Evaluate its accomplishments 
—such as the Polaris missile, the Agena 
vehicle's superb record of space mis- 
sions. Examine its outstanding advan- 
tages— location, advancement policies, 
creative climate, opportunity for recognition. 

Then write for a brochure that gives you 
a more complete Look at Lockheed, 
Address: Research & Development Staff, 
Dept. M-45C, P.O. Box 504, Sunnyvale, 
California. Lockheed is an equal oppor- 
tunity employer. 

SCIENTISTS £ ENGINEERS: In addition 
to solid state physicists and chemists, 
other important openings existfor special- 
ists in: Inertial guidance • Orbit thermo- 
dynamics • Electromagnetics • Mission & 
trajectory analysis • Gas dynamics • Chem- 
ical 4 nuclear propulsion • Systems en- 
gineering • Computer research 


LOCKHEED 


LOOK AT LOCKHEED IN SOLID STATE PHYSICS: 

Basic and applied research on the properties of solids 
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FILTER CENTER 


► Detecting Missiles by Infrared Emis- 
sion— Military agencies are stepping up 
their infrared target and background 
studies to gain data, the absence of 
which was partially responsible for the 
cutback in the Midas missile alarm sat- 
ellite program. Among contracts in this 
area recently awarded bv the Office 
of Nasal Research (ONR) alone arc 
the following: 

• Arthur D. I.ittlc. Inc.,— Research on 
the infrared emittance of clouds. 

• Rocketdvne Div. of North American 

red spectral radiance of exhaust plumes 
produced by large, statically fired roc- 
ket engines. Contract value is $69,500. 

• General Dynamics/Astronautics — Re- 
search and investigation of the infrared 
emissive properties of high-temperature 
gases characteristic of rocket exhaust 
products. Contract value is SI 07,000. 

• Acronntronic Div. of Ford— Research 
on high-altitude rocket plume phe- 
nomena. Contract value is $204,000. 

• TE Co.— study of optical techniques 
for enhancing target recognition and 
viewing background. Award totaled 
$50,000. 

In a related move. ONR picked the 
Zimncy Corp.. Monrovia. Calif., to 
fabricate 10 sounding rockets under 
a $522,000 contract for use in the 
Navy's Hi tab program (AW July 17, 
1961, p. 77). an infrared target and 
background measurement effort. 

► Ion Engines Assemble— Lewis Re- 
search Center of National Aeronautics 
and Space Administration is seeking 
industry sources to machine and as- 
semble 10 ion engines. The job will 
require machining of stainless steel and 
molybdenum and will involve fabrica- 
tion. forming and welding of light-gage 
stainless steels. 


technology for deployable structures in 
space operations. 

• Bio-Dynamics, Inc., Cambridge, 
Mass., will investigate alertness in 
manned space flight for NASA. 

• Marquardt Corp. is conducting re- 
search aimed at developing a high- 
speed. high-resolution image transducer 
under contract from Armv Signal 
Corps. 

• Eagle-Picher Co. will conduct re- 
search on gallium phosphide unijunc- 

month contract from Army Electronics 
Materiel Agency. 

NEW AVIONIC 
PRODUCTS 


• Microcircuit bonder. Model MIMA, 
for attaching gold, aluminum, silver 
or other extremely fine wire or ribbon 
to microcircuitry. Device has X-Y 



pantograph which moves stereo optics 
and wire-feeder simultaneously, a push- 
button operated feed for wire, an extra 
manipulator for separate movement of 
the bonding and cut-off chisels and a 
rotary heat column with precise tem- 
perature control to 400C. Manufac- 
turer^ Device Development Co.. Plroe- 


► Pulsed Radiation Effccts-A study of 
the effects of pulsed radiation on micro- 
wave devices is being conducted bv 
General Electric in Palo Alto. Calif. 

► Signed on the Dotted Line— Con- 
tract awards recently made to avionic- 
companies include: 

• Radiation Dynamics. Inc., West- 
bury, N.Y., will conduct research on 
solid-state phenomena in thin films 
for composite molecular electronics 
under a S60.000 contract from USAF's 
Aeronautical Systems Div. 

• Radio Corp. of America, Princeton, 
N.J., will continue its research on cryo- 
genic association memory techniques 
under contract to the Office of Naval 
Research. 

• Astro Research Corp.. Santa Barbara. 
Calif., will study for NASA advanced 


• Microminiature microwave switching 
diodes, with dynamic resistance under 
0.5 ohm and peak inverse operating 
voltage as high as 1,000 v., have capac- 


ity less than 0.5 picofarads. Long-lead 
inductance enables switches to be oper- 
ated at 5.5 gc. (kmc.) Insertion loss of 
less than 0.25 db. and isolation greater 
than 40 db, arc possible, according 
to manufacturer: MicroScmiconductor 
Corp.. 11250 Plava Court. Culver Cits'. 
Calif. 



FUZE ENGINEER 
FOR SPACE 
INTERCEPTORS 


tiens and techniques is offered an 
exceptional opportunity to conduct 
fuzing studies for space interceptors 

Laboratory. 

helpful, it is not mandatory, Broad 
general background knowledge and 



J.S. Citizenship and feel that you are 
qualified by professional experience 
and interest, please airmail your com- 


MR. ROBERT A. MARTIN 
Head of Employment 
Hughes Aerospace Divisioi 
11940 W. Jefferson Blvd. 
Culver City 23, California 
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Should you join an elite group devoted 
exclusively to satellite communications? 








It takes time to prepare a re- 
sume — frequently more time 
than a busy man can afford. So 
we are eliminating that step. We 
merely ask that you fill in the form 
below and drop it in the next mail. 

We believe that the Corporate Systems 
Center has something special to offer im- 
aginative engineers and scientists. There is the 
challenge of developing systems that are well b 
the present state-of-the-art. Our current requirements 
and forecasted growth make senior level positions availa- 
ble now and will create attractive advancement opportuni- 
ties in the future for men with unusual initiative and ability. 


Because of the acceleration in 
our system management op- 
erations, we are moving into 
a new self-contained facility 
in Farmington, Connecticut. 
Modern and spacious, this new 
complex will offer an environment 
where engineering accomplishment 
and professional growth will come 


So take five minutes to fill in the form 
and mail it today! We'll follow up 
promptly with information on our many 
opportunities. 


ADVANCED SYSTEMS RESEARCH 

□ Space Systems 

□.-Conceptual Design 

□ Advanced Electronic Technology 

_Home Phone H~ Pro?ect n pifnning 1 and Control 

□ Reconnaissance and 

Intelligence Systems 

I State GUIDANCE & CONTROL SYSTEMS 

□ Systems Analysis 

□ Systems Engineering 

□ Reliability and Test 

_Degree(s) Year(s) □_lnertial Components 

Development 


Please list last two employers. This information will be considered confidential. □~eio-technoiogy 

□ Life Sciences ar 


in faster action CALL COLLECT - Area Code 203, 677-9731. 


United 

CORPORATE SYSTEMS CENTER 

P ire raft 


to the applied pressure up to 2 volts 
d.c. for 10 lb. pressure. Self-contained 
transistor electronics require less than 1 
watt of input power at 22 volts. 

Unit is rust and corrosion resistant 
and can be hermetically scaled. 

Measurement Systems, Inc., 140 Wa- 
ter St., South Norwalk, Conn. 

Lightning Warning 

System measures, monitors and re- 
cords atmospheric conditions capable of 
producing lightning for use at fueling 
areas, munition dumps, missile-launch- 
ing areas and others where prior warn- 
ing of lightning is important. 



Electrostatic voltage is measured 
across a system component by a low re- 
sistance coupling to the atmosphere 
with a radioactive alpha emitter. Insu- 
lated spherical probe assumes the poten- 
tial of the surrounding atmosphere. 
Resulting voltage is translated to a one- 
inch-per-hour strip recorder and an in- 
dicating meter with high and low alarm 
paints that can activate an audible 
alarm. Latter components comprise 
control equipment. 

Sensitivity can be set to produce an 
alarm from an electrified cloud as far as 
10 mi. from the cloud. Probe need not 
be mounted above the highest object in 
the area and can be located as far as 
50 mi. from the control equipment 
without amplifiers. 

B. K. Sweeney Mfg. Co., 6300 E. 
4-ttli A vc., Denver, Cofo. 

Push-Pull Microjuster 

Single push-pull knob manually posi- 
tions two synchros independently for 
controlling pitch-roll servos. 

Device. Model 40-167 Microjuster, 
combines two synchros in a 2 in. dia. 
casing. Angular positioning is displayed 
by two four-digit counters. Mechanical 
accuracy is 6 mins, of arc (excluding 
synchro error). Angular resolution is 
0.1 deg. Spring loaded mechanical de- 
tent facilitates and maintains settings. 
Slip clutch is incorporated in the knob 
to prevent damage to limit stops. Micro- 
justcr provides highest standards of re- 
liability at temperatures ranging from 
— 65C to 4-71 C, the manufacturer 

Servo Development Corp., 2 Willis 
Court, Hicksville, L.I., N.Y. 



ELECTRONIC SUB-MICRO-MINIATURIZATION . . . 


precise. Good! 

Now — begin again . . . Make it smaller! 

A TYPICAL PROBLEM: Design a current supply witl 
following characteristics. Stability: 0.01% within fifteen 
utes. with load variations of 10%. Capacity: 200 ma. 
Temperature Environment: —40“ to +200" F. 


■ SIZE: 12 CUBIC INCHES! 



Other opportunities exist in the following related areas: 
Systems Engineers / Logic Designers / Systems Analysts / 
Programmers / Packaging Engineers / Rotary Component 
Designers / Systems Test Engineers / Materials & Com- 

/ Quality Control System Engineers. 

To inquire about a career assignment leading to professional 
and personal advancement, write to Mr. M. D. Ericson. Your 
inquiry or resume will be answered promptly. 
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DEFENSE CONTRACT AWARDS 

Fourth Fiscal Quarter Summary— 1962 

Now available free from AVIATION 
WEEK & SPACE TECHNOLOGY are 
summary reports of defense contract 
dollar awards covering the fourth fiscal 
quarter of 1962. These reports show de- 
fense dollars awarded in 174 product/ 
system categories as compiled by Frost 
& Sullivan, Inc. Information is also avail- 
able on the fourth fiscal quarter of 1961 
(limited quantity) ; first fiscal quarter of 
1962 (limited quantity); second fiscal 
quarter 1962; and third fiscal quarter 
1962. 

Reports are available on an individual request 
basis in the following system areas: 

Data Processing 
Navigation 

Meteorological Systems & Components 
Vehicles, Ordnance, Vessels 
Services 

Electronic Warfare 

CBR Warfare 

Communications 

Missiles & Space 

Aircraft 

Basic Research 

Miscellaneous Components & Sub- 
Assemblies 

Contact your AVIATION WEEK & SPACE 
TECHNOLOGY District Manager or write to: 
AVIATION WEEK & SPACE TECHNOLOGY 
RESEARCH DEPARTMENT 
330 West 42nd Street, New York 36, N.Y. 

i Aviation Week • 

& Space Technology 

A McGraw-Hill Publication 


WHO'S WHERE 

i page 19) 



Lister^ K.' Fcro, chief of Saturn Vehicle 



SC (3oi. Krith G. Linden (USAF, ret.), for- 


AVIATION 




OPPORTUNITY IN 

Missile & 
Gas Turbine 
Engineering 

at LYCOMING 



MISSILE & 
AIRCRAFT 
ACCESSORIES 
ENGINEERING 

• Project Engineers 

• Assistant Project Engineers 

• Electronics Engineers 

• Liaison Engineers 

• Value Analysis Engineers 

• Depot Maintenance Engineers 

• Design Engineers 

GAS TURBINE 
ENGINEERING 

• Metallurgists 

• Welding Engineers 

• Heat Exchange Specialists 

• Aero-Thermodynamicists 

• Engine Test Engineers 

• Performance Engineers 

• Stress Engineers 

• Control Engineers 

• Publications Engineers 





Send complete resume including 
salary requirements to 

Mr. Harry A. Stone 

Lycoming 



STRESS 

ANALYSTS 

AE's, ME's, CE's, 
NAVAL ARCHITECTS 

Apply 

Your Knowledge 
of Stress Analysis 
-and ADD TO IT 

in a Unique Field 
the 

NUCLEAR 

POWERED 

SUBMARINE! 

To meet the challenge of new 

Engineering Croup has been 
formed at Electric Boat to apply 
the principles of dynamic shock 

You ran join this group in the 



foundations to withstand high 
impact shock. 



G inn id 

GENERAL DYNAMICS 
ELECTRIC BOAT 

Croton, Connecticut 
AN EQUAL OPPORTUNITY EMPLOYER 


MANAGER OF 

RELIABILITY 

ENGINEERING 

Expanding programs in 
electro-optics, detection, 
measurement, resolution 
and recognition necessitate 
the immediate addition of a 
manager of reliability engi- 
neering to Perkin-Elmer’s 
professional staff. 

The highly competent in- 
dividual we are seeking to 
fill this rewarding and de- 
manding position must pos- 
sess a BS in Engineering 
(EE preferred and a grad- 
uate degree desired). He 
will have worked in the 
engineering field for ap- 
proximately 15 years with 
8 years R&D experience 
and at least 4 years in the 
reliability area. Must have 
a proven record of strong 
supervisory and managerial 
ability. 

If you believe your training 
and professional experience 
fits you for this position, 
you are invited to direct 
your resume in complete 
confidence to Mr. R. H. 
Byles, Perkin-Elmer Cor- 
poration, an equal oppor- 
tunity employer, Norwalk, 
Connecticut. 

PERKIN-ELMER 
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We are looking for men who welcome the demanding challenge of permanent and rewarding assign- 
ments . . .that of further advancing the world's most versatile vehicles— Sikorsky VTOL aircraft. 
Long a world leader in helicopters, we are expanding strongly into ever-widening areas of VTOL 
application. And we need men who can help build towards the fascinating future ahead. 

What tomorrow may hold can be gained by the many jobs being performed by Sikorsky VTOL 
systems today. This diversity spans: space capsule recovery • anti-submarine systems 
• equipment and personnel transport • rescue missions • airport passenger travel 

It's a new and exciting era for the airframe engineers who can match their growth to ours. 


HERE ARE SOME OF THE AREAS OF OPPORTUNITY: 


AERODYNAMICS • AIRFRAME DESIGN • AIRCRAFT STRUCTURES 
MYLAR DESIGNING • WEIGHT CONTROL • PRELIMINARY DESIGN 


LIVE A FULL LIFE IN CONNECTICUT 

Stratford, Connecticut, has the things that count for living, working, playing. Here are pleasant 
villages, suburban living, medium-sized cities— and— less than an hour and a half's drive by 
parkway, the center of New York City. It's a lovely area, replete with excellent educational 
facilities— -churches of every denomination— and for fun . . . beaches, mountains, ski resorts, 
golt and yacht clubs. 

ACADEMIC ADVANCEMENT 

Further enhancing an ideal professional environment is the opportunity we offer engineers to 
earn advanced degrees through a corporate-financed Graduate Education Program. These 
programs are available at such accredited schools as Yale University, Rensselaer Polytechnic 
Institute (Hartford Graduate Center) and Columbia University. 

Send your resume, in confidence, stating salary requirements, to: 

Mr. Leo J. Shalvoy, Engineering Personnel. 


Sikorsky Rirc raft — - - ^ 

STRATFORD. CONNECTICUT A* Equal Opport»«, Eaplorei ■ * 
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TO MEN WHO CAN LOOK DEEP INTO TOMORROW 




SENIOR POSITIONS 
ARE OPEN NOW IN 


SPACE ELECTRONICS 



VTOL, GEM, AEROSPACE 



DIVISION OF BELL AEROSPACE CORPORATION -t 


AT THE FRONTIER 

...OF MAN'S ADVANCEINTO THE UNKNOWN 

AERONAUTICAL RESEARCH LABORATORIES' SCIENTISTS 
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Aeronautical Research Laboratories 



Searchlight Section 



ond 




Low-Time 

DC-7C AIRCRAFT 

AVAILABLE FOR LONG-TERM LEASE 


CONVAIR 340/440 


■136 
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LETTERS 


McNamara View 

Subject: Feb. 11 issue. "McNamara 
Views Strategic Aircraft Hole" (p. 67). 

I was somewhat amused at Mr. McNa- 
mara’s reasons why the RS-70 is useless. 
Yet on p. 26 you present an article on a 
“hypersonic research aircraft," probably “air 
breathing," manned and capable of Mach 6. 
This would seem to me to be the next step 
alter the RS-70. If McNamara's reasoning 
is sound about the RS-70, why is money 
(obviously approved by the Dept, of De- 
fense) being spent for the hypersonic air- 
craft, supersonic transport studies and for 
the slow TFX aircraft? 

It appears that sve would be led to be- 
lieve that something new- has been discov- 
ered, and that is the submarine. I don’t 
mean that atomic-powered submarines carry- 
ing Polaris missiles are not a good system. 
However, methods of detecting and destroy- 
ing submarines have long been in use and 
must certainly be more effective now than 
ever before. Easy detection was McNa- 
mara's previous excuse for dropping the 
RS-70. 

Basicallv, I don't understand our gov- 
ernment's "defense” program. We have 
been trying for many years to reach a dis- 
armament (or non-atomic) agreement with 
Russia. If sve, or Russia, were short-sighted 
enough to make such an agreement, at) mis- 
siles and. of course, submarines would be 

Furthermore, if we and Russia did 
make such an agreement, I don't believe we 
could dare have the faith in the rest of 
the world nations with present or future 
atomic capabilities; obvious examples, of 
course. Red China. Cuba, etc. 

I hope that these young brain trusters 
arc wiser at weapons systems decisions than 
they have shown in Cuba. 

Bruce H. Mosbacher 
Rockford, 111. 

P.D. — Quick 

Imagine how much chagrin we who work 
in the space field feel in the Russians' many 
successes. Not that we begrudge them well- 
earned laurels (they capitalize enough on 
unearned ones), but most of us who have 
been in the field since before World War 
2 and many more recent workers realize 
that our slowness and lagging behind are 
not due to either lack of desire or ability. 
It stems from the asinine organizational 
and management systems and the prosti- 
tuting utilization of manpower. Our rugged 
individualism as a people has gone down 
the drain of conformism and moral decay 
at the top of our country and our large 
companies' jail bird executives. 

Up to and in the early part of World 
War 2 a new contract started with the ap- 
pointment of a top P.D. (preliminary design) 
engineer who chose a crew from the available 
personnel. He made all the decisions and de- 
veloped (in a matter of weeks), with few or 
no conferences but frequent person-to-person 
consultations with his top men and occa- 
sionally with an outside consultant, a work- 
able preliminary design. At this point, after 


approval by the customer, it came out of 
P. D. and became a project with cither the 
top P. D. engineer or one of his key men 
being assigned project engineer, and lie was 
king! (Recognize the rugged individual?, 
with all the authority and assuming full 
responsibility both of which he wisely dele- 
gated as necessary to subordinates as he 
broke the project down under various group 
leaders.) 

His decisions were the last word. 
Each subordinate was a sub-king respon- 
sible primarily for results, not alibis sup 
ported by paper work. The best project 
engineer was the one who could keep high 
morale through fair play and a disdain for 
lack of integrity in himself first and his 
subordinates after. He was a hard worker, 
too. (Subordinates set their pace and con- 
duct according to the instruction and the 
example of their superiors.) 

Phis system svould get a new project 
rolling in months, not years; and I've seen 
little evidence to indicate that our present 
detour from the individualistic process 
makes fewer mistakes, in fact the con- 

This older type of organization required 
much greater effort ana output, but the 
job satisfaction was delicious as compared 
with today's almost non-existence of the 
item and practically total concentration on 
"bucks" to produce the incentive. The best 
men don't work just for money. 

How can we develop a rugged self-reliant 
nation with a bunch of mainby-pamby con- 
ference-minded, buck-passing company ex- 
ecutives and government contracting officers 
who just muddle through? How can yon 
inspire subordinates to maximum effort if 
you are uninspired and "fast buck" con- 
scious yourself? 

The cry for leadership today is a cry 
for intelligent men of principle versus 
mercenaries of empty cleverness. 

How much longer must we wait for in- 
spiring leadership that would rather be 
"dead than red" and would rather die than 
lie or deceive anyone? Eisenhower showed 
the popular support that an honest man 
can command. The people loved him. in 
spite of his mistakes, because of his in- 
tegrity. 

If we could find such a civilian- 
trained executive who could see through 
the military fog, and who was self-sacrificing 
enough to sene, sve might yet show the 
Russians a thing or two. 

Today's new contract starts with a "pre- 
proposai” to study the problem (about 
three weeks); this elicits a "request for 
proposal" to study the problem (about six 
weeks); from this comes a "study pro- 
posal"; if you’re lucky this brings a "study 
contract” (taking from three months up); 
out of this a Report XYZ3210 is born. 
After six months (*) of study of this re- 
port by the contracting agency, maybe 
they issue a ' “request for bid" on a hard- 
ware contract; this requires a preliminan 
design by a horizontally established task 
force or “team" and after 70-1 1 conferences 
of top brass the design engineer is permitted 
to put his center lines on the paper and 
define the limits of the problem. More 
conferences with 13 equally potent quarter- 


backs all calling different signals and acting 
like each was boss (but being careful to 
make no definite decisions), the design engi- 
neer makes layouts (alternately approved 
and disapproved) until his drawers are all 
filled. 

Then the earth-shaking decision is 
finally made to leave it up to the draftsman, 
who, sensing the situation, whips out a 
1*. D. drawing as fast as he can before the 
1 3 straw bosses have another conference. 
What he makes up isn't anything like what 
was "conferenced” to death, but it looks 
ingenious and it might work so the mad 
rush is on for the 13 guiding lights to get 
their signatures on it. 

All this time the "writers” are madly 
turning out a gobblcdigoop-loaded, legal- 
istic, loophole-proof, iron clad work state- 
ment, which boiled down says what one 
paragraph in a good textbook covering the 
field would say. Of course the finance 
department has been preparing the well 
"contingencied" cost estimate based on the 
largest number of people they can cram 
onto the project without it being ridiculous 
and then adding the fixed fee. (Not more 
than 10%, or it will be renegotiated.) 

Maybe the design engineer while in this 
foray got a real bright idea about a new 
stable platform for the guidance system so 
he decides to file a patent application 
which, after it goes through the system, 
has 1 3 co-inventors’ signatures because they 
"guided" his efforts in the early stages. 

Isn't it pretty obvious with this type of 
"free loader” buck-passing system our sci- 
entific effort is like a race horse down to 
his belly in quicksand trying to set a record 
for the mile. 

"Oh. for the good old days" when if 1 
did a lousy job 1 got chewed out for it 
(and expected it). If I really pulled a good 
one out of the hat I got a pat on the 
back, a toast at a dinner with my co-work 
ers and maybe a pay raise. (It didn't take 
a big raise to satisfy me because I had so 
much “accomplishment satisfaction." thus 
inflation was held down.) 

I am beginning to understand Carroll's 
inspiration for "Alice in Wonderland." 
When are we going to quit "playing house" 
like kids and shoulder responsibilities like 

Morale plus freedom to act is the way to 
get the job done and a welfare state, cradle 
to the grave, institutional security never 
will produce it. 

The irony of tile situation is that we 
talk about and espouse the Christian in- 
dividualistic approach to society and enter- 
prise and practice socialism. The Russians 
preach socialism and non-identifiable men 
who exist purely as pawns of the state, 
but within the confines of their travel 
area the Russian scientists seem to enjoy 
a greater pay differential, individual recog- 
nition and freedom in their work than we 
do. 

Why don't we practice what we preach 
and our Constitution establishes? Then I'm 
sure the Russians couldn't catch us for 
dust in their eyes. 

(Name withheld by request.) 

A Scientist 
Palo Alto, Calif. 
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"COLD NOSE" 


A 


INTEGRATED CAPABILITIES FOR SPACE-AGE CRYOGENICS 


The “cold nose" of this Air Products cryostat has achieved near-absolute-zero environments as low as 2.5°K (-455. 2°F). 
Cryostat pictured is part of an Air Products closed-cycle helium refrigerator developed for Bell Telephone Laboratories 
under contract with the Army Ordnance Missile Command. The completely self-contained refrigeration system provides 
maser cooling without need for external supply of cryogenic liquids that boil away in open-cycle systems. 

Today, Air Products manufactures a complete line of single- and multi-fluid cryogenic refrigerators. Applications 
range from the creation of ultralow-temperature environments for space chamber "cryopumping". . . to cryogenic cooling 
of masers, infrared detectors, superconducting magnets, computer memory planes, and other electronic sensing devices. 

Miniaturization of components — pioneered by Air Products — makes possible the application of cryogenic electronics 
coolers where compactness and light weight are prime requisites. Ability to engineer standard and custom components 
into “critical-performance" systems gives added flexibility in meeting specialized requirements of industry and govern- 
ment customers. 

Customers benefit, too. from Air Products depth of experience in all phases of cryogenics . . . from initial develop- 
ment and design through on-site operations of large-scale cryogenic production facilities. 

Whatever your requirements for cryogenic cooling, it pays to contact Air Products first. 
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there’s a lightweight Elastic Stop® nut 
to reliably assemble everything skyward bound 



Aerospace fasteners your problem? Check first with 
ESNA. Providing all kinds of fasteners for the aircraft 
industry’s unique assembly problems has been ESNA’s 
specialty ever since we originated the earliest self- 
locking fasteners. And when sophisticated avionic 
equipment and aerospace structures demanded minia- 
turized, lightweight designs, ESNA engineered and 
produced a complete line of reduced dimension thin- 
metal stop nuts. 

Keeping up with your needs isn’t enough-anticipating 
them is our business. That’s why our inventory of more 
than 80,000,000 lightweight, reduced-dimension Elastic 
Stop nuts represents the greatest variety of shapes, 
range of sizes and tensile and temperature capabilities, 
to be found in the locknut industry. 



Availability? Sure, any time, any place you need 
them. That’s because ESNA maintains four strategi- 
cally located stockpiles as far apart— or as close to you 
—as: Antwerp, Belgium; Union, New Jersey; Kansas 
City, Missouri and Beverly Hills, California. 

We’ve illustrated only a few of the fasteners ESNA 
produces and stocks as standards. Want to see the rest? 
Write for a copy of the new, complete visual index of 
ESNA self-locking nuts. Dept. S79-350. 
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